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1. Introduction 
This introductory section includes background information on sound and vibration. Subsequent 
sections include a detailed project description, regulatory background, noise and vibration 
prediction methodology, predicted sound levels and vibration and potential impacts for project 
construction and operation, and proposed mitigation measures. 

1.1 Basics of Sound  
Noise is typically defined as unwanted sound. The following is a brief discussion of fundamental 
environmental noise concepts.  

1.1.1 Sound, Noise, and Acoustics 
Sound can be described as the mechanical energy of a vibrating object transmitted by pressure 
waves through a liquid or gaseous medium (e.g., air) to a hearing organ, such as a human ear. 
Noise is defined as loud, unexpected, or annoying sound. 

In the science of acoustics, the fundamental model consists of a sound (or noise) source, a 
receptor, and the propagation path between the two. The loudness of the noise source and 
obstructions or atmospheric factors affecting the propagation path to the receptor determine the 
sound level and characteristics of the noise perceived by the receptor. The field of acoustics 
deals primarily with the propagation and control of sound. 

1.1.2 Frequency 
Continuous sound can be described by frequency (pitch) and amplitude (loudness). A 
low-frequency sound is perceived as low in pitch. Frequency is expressed in terms of cycles per 
second, or Hertz (Hz) (e.g., a frequency of 250 cycles per second is referred to as 250 Hz). High 
frequencies are sometimes more conveniently expressed in kilohertz (kHz), or thousands of 
Hertz. The audible frequency range for humans is generally between 20 Hz and 20,000 Hz. 

1.1.3 Sound Pressure Levels and Decibels 
The amplitude of pressure waves generated by a sound source determines the loudness of that 
source. Sound pressure amplitude is measured in micro-Pascals (ɛPa). One ɛPa is 
approximately one hundred billionth (0.00000000001) of normal atmospheric pressure. Sound 
pressure amplitudes for different kinds of noise environments can range from less than 100 to 
100,000,000 ɛPa. Because of this huge range of values, sound is rarely expressed in terms of 
ɛPa. Instead, a logarithmic scale is used to describe sound pressure level (SPL) in terms of 
decibels (dB). The threshold of hearing for young people is about 0 dB, which corresponds to 20 
ɛPa.  

1.1.4 Addition of Decibels 
Because decibels are logarithmic units, SPL cannot be added or subtracted through ordinary 
arithmetic. Under the decibel scale, a doubling of sound energy corresponds to a 3 dB increase. 
In other words, when two identical sources are each producing sound of the same loudness, the 
resulting sound level at a given distance would be 3 dB higher than one source under the same 
conditions. For example, if one automobile produces an SPL of 70 dB when it passes an 
observer, two cars passing simultaneously would not produce 140 dBðrather, they would 
combine to produce 73 dB. Under the decibel scale, three sources of equal loudness together 
produce a sound level 5 dB louder than one source. 
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1.1.5 A-Weighted Decibels

The decibel scale alone does not adequately characterize how humans perceive noise. The 
dominant frequencies of a sound have a substantial effect on the human response to that sound. 
Although the intensity (energy per unit area) of the sound is a purely physical quantity, the 
loudness or human response is determined by the characteristics of the human ear.

Human hearing is limited in the range of audible frequencies as well as in the way it perceives 
the SPL in that range. In general, people are most sensitive to the frequency range of 1,000ï 
4,000 Hz and perceive sounds within that range better than sounds of the same amplitude at 
higher or lower frequencies. To approximate the response of the human ear, sound levels of 
individual frequency bands are weighted, depending on the human sensitivity to those 
frequencies. Then, an ñA-weightedò sound level (expressed in units of dBA) can be computed 
based on this information.

The A-weighting network approximates the frequency response of the average young ear when 
listening to most ordinary sounds at moderate levels. When people make judgments of the 
relative loudness or annoyance of a sound, their judgments correlate well with the A-scale sound 
levels of those sounds. Other weighting networks have been devised to address high noise
levels or other special conditions (e.g., B-, C-, and D-scales), but these scales are rarely used in 
conjunction with noise affecting humans. Noise levels for this report are reported in terms of 
A-weighted decibels or dBA.  Table 1-1 describes typical A-weighted noise levels for various 
noise sources.

    Table 1-1 Typical A-Weighted Sound Levels

Common Outdoor Activities Noise Level (dBA) Common Indoor Activities 
 ð 110 ð Rock band

Jet fly-over at 1000 feet
 ð 100 ð

Gas lawn mower at 3 feet
 ð 90 ð

Diesel truck at 50 feet at 50 mph  Food blender at 3 feet
 ð 80 ð Garbage disposal at 3 feet 

Noisy urban area, daytime
Gas lawn mower, 100 feet ð 70 ð Vacuum cleaner at 10 feet

Commercial area  Normal speech at 3 feet
Heavy traffic at 300 feet ð 60 ð 

  Large business office
Quiet urban daytime ð 50 ð Dishwasher next room

Quiet urban nighttime ð 40 ð Theater, large conference room
(background)

Quiet suburban nighttime
 ð 30 ð Library

Quiet rural nighttime  Bedroom at night, concert hall
(background)

 ð 20 ð
  Broadcast/recording studio
 ð 10 ð

Lowest threshold of human hearing ð 0 ð Lowest threshold of human hearing 
Source: Caltrans 2013.
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1.1.6 Human Response to Changes in Noise Levels 
As discussed above, doubling sound energy results in a 3 dB increase in sound level. However, 
given a sound level change measured with precise instrumentation, the subjective human 
perception of a doubling of loudness will usually be different than what is measured.  

Under controlled conditions in an acoustical laboratory, the trained, healthy human ear is able to 
discern 1 dB changes in sound levels, when exposed to steady, single-frequency (ñpure-toneò) 
signals in the midfrequency (1,000 Hzï4,000 Hz) range. In typical noisy environments, changes 
in noise levels of 1 to 2 dB are generally not perceptible. However, it is widely accepted that 
people are able to begin to detect sound level increases of 3 dB in typical noisy environments. 
Further, a 5 dB increase is generally perceived as a distinctly noticeable increase, and a 10 dB 
increase is generally perceived as a doubling of loudness. Therefore, a doubling of sound energy 
(e.g., doubling the volume of traffic on a highway) that would result in a 3 dB increase in sound 
level, would generally be perceived as barely detectable.  

1.1.7 Noise Descriptors 
Noise in our daily environment fluctuates over time. Some fluctuations are minor, but some are 
substantial. Some noise levels occur in regular patterns, but others are random. Some noise 
levels fluctuate rapidly, but others slowly. Some noise levels vary widely, but others are relatively 
constant. Various noise descriptors have been developed to describe time-varying noise levels. 
The following are the noise descriptors used in this noise analysis. 

�x Equivalent Sound Level (Leq): Leq represents an average of the sound energy occurring 
over a specified period. In effect, Leq is the steady-state sound level containing the same 
acoustical energy as the time-varying sound that actually occurs during the same period. 
The 1-hour A-weighted equivalent sound level (LAeq(h)) is the energy average of A-
weighted sound levels occurring during a one-hour period and is the basis for noise 
abatement criteria for many agencies. 

�x Daytime Equivalent Sound Level (Leq(day)): Leq(day) is the Leq average of the A-weighted 
sound levels occurring during daytime hours from 7:00 AM to 10:00 PM. 

�x Nighttime Equivalent Sound Level (Leq(night)): Leq(night) is the Leq average of the A-
weighted sound levels occurring during nighttime hours from 10:00 PM to 7:00 AM. 

�x Day-Night Level (Ldn): Ldn is the energy-average of A-weighted sound levels occurring 
over a 24-hour period, with a 10 dB penalty applied to A-weighted sound levels occurring 
during nighttime hours between 10:00 PM and 7:00 AM to address the added sensitivity 
of people to noise during normal sleeping hours. This metric is often used to assess 
human annoyance to community noise. 

�x Community Noise Equivalent Level (CNEL): CNEL is the energy-average of A-
weighted sound levels occurring over a 24-hour period, with a 5 dB penalty applied to A-
weighted sound levels occurring during evening hours between 7:00 PM and 10:00 PM, 
and a 10 dB penalty applied to A-weighted sound levels occurring during nighttime hours 
between 10:00 PM and 7:00 AM. 

�x Sound Power Level (Lw):  Sound power level is a quantity that describes the quantity of 
acoustical energy that is emitted by a sound source independent of the receptorôs 
distance from the object (similar to the wattage of a light bulb). Sound power level is not 
usually referenced in regulations describing maximum allowable noise levels, but rather, 
is used in some calculations and design standards to achieve a desired or allowable 
noise level.  
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�x Maximum Sound Level (Lmax): The maximum instantaneous sound level reached during 
a given period of time. This metric is commonly used in vehicle and construction 
equipment noise specifications.  

1.1.8 Sound Propagation 
When sound propagates over a distance, it changes in level and frequency content. The manner 
in which noise reduces with distance depends on the following factors. 

Geometric Spreading 
Sound from a localized source (i.e., a point source) propagates uniformly outward in a spherical 
pattern. The sound level attenuates (or decreases) at a rate of 6 decibels for each doubling of 
distance from a point source. A line source, such as a highway or train, consists of several 
localized noise sources on a defined path. Noise from a line source propagates outward in a 
cylindrical pattern, often referred to as cylindrical spreading. Sound levels attenuate at a rate of 3 
decibels for each doubling of distance from a line source. This report evaluates noise sources 
from the proposed Project as point sources except for vehicular traffic associated with the 
Project, which is treated as a line source. 

Ground Absorption 
When a noise source is close to the ground, noise attenuation from ground absorption and 
reflective wave-canceling adds to the attenuation associated with geometric spreading. 
Traditionally, the excess attenuation has also been expressed in terms of attenuation per 
doubling of distance. This approximation is usually sufficiently accurate for distances of less than 
200 feet. For acoustically hard sites (i.e., sites with a reflective surface between the source and 
the receptor, such as a parking lot or still body of water), no excess ground attenuation is 
assumed. For acoustically absorptive or soft sites (i.e., those sites with an absorptive ground 
surface between the source and the receptor, such as soft dirt, grass, or scattered bushes and 
trees), an excess ground-attenuation value of 1.5 decibels per doubling of distance is normally 
assumed. When added to the spherical spreading for point sources, the excess ground 
attenuation results in an overall drop-off rate of 7.5 decibels per doubling of distance. As 
mentioned above, ground absorption/attenuation is only relevant to noise sources that are close 
to the ground and is not relevant to the noise sources associated with the proposed Project that 
are located well above ground level, for which ground absorption effects would be minimal. 
Accordingly, for noise sources located more than 10 feet above ground level, this report does not 
apply any noise reduction for ground absorption. 

Atmospheric Effects 
Receptors located downwind from a source can be exposed to increased noise levels relative to 
calm conditions, whereas locations upwind can have lowered noise levels. Sound levels can 
increase at large distances (e.g., more than 500 feet) from the source due to atmospheric 
temperature inversion (i.e., increasing temperature with elevation). Other factors, such as air 
temperature, humidity, and turbulence, can also have significant effects.  

Shielding by Natural or Human-Made Features 
A large object or barrier in the path between a noise source and a receptor can substantially 
attenuate noise levels at the receptor. The amount of attenuation provided by shielding depends 
on the size of the object and the frequency content of the noise source. Natural terrain features 
(e.g., hills and dense woods) and human-made features (e.g., buildings and solid walls) can 
substantially reduce noise levels. Walls are often constructed between a source and a receptor 
specifically to reduce noise. A barrier that breaks the line-of-sight between a source and a 
receptor will typically result in at least 5 dBA of noise reduction. Taller barriers provide increased 
noise reduction, up to a practical limit of 10 to 15 dBA. 
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1.2 Basics of Vibration 

1.2.1 Characteristics of Vibration 
Vibration is an oscillatory motion through a solid medium, such as soil or concrete, in which the 
motionôs amplitude can be described in terms of displacement, velocity, or acceleration. Vibration 
is also acoustic energy transmitted as waves through the solid medium. The rate at which 
pressure changes occur is called the frequency of the vibration, measured by the number of 
oscillations per second or Hertz (Hz). Vibration may be in the form of a single pulse of acoustical 
energy, a series of pulses, or a continuous oscillating motion. 

The way that vibration is transmitted through the ground depends on the soil type, the presence 
of rock formations or man-made features, and the topography between the vibration source and 
the receptor location. As a general rule, vibration waves tend to dissipate and reduce in 
magnitude with distance from the source. Also, the high frequency vibrations are generally 
attenuated rapidly as they travel through the ground, so that the vibration received at locations 
distant from the source tends to be dominated by low-frequency vibration. The frequencies of 
ground-borne vibration most perceptible to humans are in the range from less than 1 Hz to 100 
Hz. 

Vibration can be a serious concern, causing buildings to shake and rumbling sounds to be heard. 
It is unusual for vibration from sources such as buses and trucks to be perceptible, even in 
locations close to major roads. Some common sources of vibration are trains, buses on rough 
roads, and construction activities, such as blasting, pile driving, and heavy earth-moving 
equipment. 

Ground-borne vibration levels rarely affect human health. Instead, most people consider ground-
borne vibration to be an annoyance that can affect concentration or disturb sleep. In addition, 
high levels of ground-borne vibration can damage fragile buildings or interfere with equipment 
that is highly sensitive to ground-borne vibration (e.g., electron microscopes). 

1.2.2 Vibration Descriptors 
There are several different methods that are used to quantify vibration. The peak particle velocity 
(PPV) is defined as the maximum instantaneous peak of the vibration signal. The PPV is most 
frequently used to describe vibration impacts to buildings and is usually measured in inches per 
second. The root mean square (RMS) amplitude is most frequently used to describe the effect of 
vibration on the human body. The RMS amplitude is defined as the square root of the average of 
the squared amplitude of the velocity signal. Decibel notation for vibration level (VdB) is 
commonly used to measure RMS. The VdB acts to compress the range of numbers required to 
describe vibration. Vibration level (Lv) is expressed in velocity level decibels (Lv, VdB). 

1.2.3 Effects of Vibration 
When ground-borne vibration arrives at a building, a portion of the energy will be reflected or 
refracted away from the building, and a portion of the energy will typically continue to penetrate 
through the ground-building interface. However, once the vibration energy is in the building 
structure, it can be amplified by the resonance of the walls and floors. Occupants can perceive 
vibration as motion of the building elements (particularly floors) and also rattling of lightweight 
components, such as windows, shutters, or items on shelves. At very high amplitudes (energy 
levels), low-frequency vibration can cause damage to buildings. 
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Unlike noise, ground-borne vibration is not a phenomenon that most people experience every 
day. Most perceptible indoor vibration is caused by sources within buildings, such as operation of 
mechanical equipment, movement of people or slamming of doors. Typical outdoor sources of 
perceptible ground-borne vibration are construction equipment and traffic on rough roads. If the 
roadway is smooth, the vibration from traffic is rarely perceptible.  
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2. Project Description 

2.1 Project Overview 
The proposed Los Angeles Aerial Rapid Transit Project (proposed Project) would connect Los 
Angeles Union Station (LAUS) to the Dodger Stadium property via an aerial gondola system. The 
proposed Project would include an intermediate station at the southernmost entrance of the Los 
Angeles State Historic Park. The proposed Project would provide an aerial rapid transit (ART) 
option for visitors to Dodger Stadium, while also providing access between the Dodger Stadium 
property, the surrounding communities, including Chinatown, Mission Junction, the Los Angeles 
State Historic Park, Elysian Park, and Solano Canyon, to the regional transit system accessible 
at LAUS. The aerial gondola system would be approximately 1.2 miles and consist of cables, 
three passenger stations, a non-passenger junction, towers, and gondola cabins. When 
complete, the proposed Project would have a maximum capacity of approximately 5,000 people 
per hour per direction, and the travel time from LAUS to Dodger Stadium would be approximately 
7 minutes. The proposed Project would provide amenities at the Los Angeles State Historic Park 
and would provide pedestrian improvements, including hardscape and landscape improvements. 
The ART system has the ability to overcome grade and elevation issues between LAUS and 
Dodger Stadium and provide safe, zero emission, environmentally friendly, and high-capacity 
transit connectivity in the Project area that would reduce greenhouse gas (GHG) emissions as a 
result of reduced vehicular congestion in and around Dodger Stadium and on neighborhood 
streets, arterial roadways, and freeways. The proposed Project would operate daily to serve 
existing residents, workers, park users, and visitors to Los Angeles.  

Established aerial gondola transit systems worldwide, such as in La Paz, Bolivia, and Mexico 
City, Mexico, are being used as rapid transit for the urban population that they serve. The 
proposed Project would employ a Tricable Detachable Gondola system (also known as ñ3Sò).1 
3S Gondola system cabins carry approximately 30 to 40 passengers. Similar systems are used 
in Koblenz, Germany, Phu Quoc, Vietnam, and Toulouse, France. 

2.2 Project Location 
The proposed Project is located in the City of Los Angeles, situated northeast of downtown 
Los Angeles, within the Downtown, Chinatown, Mission Junction, and Elysian Park communities. 
Figure 2-1 shows the regional location of the proposed Project.  

The proposed Project would commence adjacent to LAUS and El Pueblo de Los Angeles 
(El Pueblo) and terminate at Dodger Stadium. The proposed Project would include three stations, 
a non-passenger junction, and cable-supporting towers at various locations along the alignment. 
As shown in Figure 2-2, the proposed Project alignment would generally be located within public 
right of way (ROW), following Alameda Street and then continuing along Spring Street in a 
northeast direction through the community of Chinatown to the southernmost corner of the Los 
Angeles State Historic Park. The alignment would then continue northeast over the western edge 
of the Los Angeles State Historic Park and the Los Angeles County Metropolitan Transportation 
Authority (Metro) L Line (Gold) to the intersection of North Broadway and Bishops Road. At this 
intersection, the proposed Project alignment would turn and continue northwest following 
Bishops Road toward its terminus at Dodger Stadium, located in the Elysian Park community.  

 
1  The naming convention for this system is derived from the German word ñseilò, which translates in English to ñropeò. Hence, 

Tricable Detachable Gondola systems are known as a ñ3Sò systems due to the use of three ropes, or cables. 
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Figure 2-1 Regional Location Map 
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Figure 2-2 Proposed Project Location 
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2.3 Proposed Project Alignment and Components 
The proposed Project ñalignmentò is defined as the length and width of suspended above-grade 
cables and cabins following the position of the Project components along the ART route from 
Alameda Station to Dodger Stadium Station.  

2.3.1 Proposed Project Alignment 
The proposed Project alignment would extend approximately 1.2 miles beginning near El Pueblo 
and LAUS on Alameda Street. The proposed Alameda Station would be constructed over 
Alameda Street between Los Angeles Street and Cesar Chavez Avenue, adjacent to the Placita 
de Dolores and planned LAUS Forecourt. From the Alameda Station, the proposed Project 
alignment would remain primarily above the public ROW and travel north along Alameda Street 
to the proposed Alameda Tower, which would be constructed on the Alameda Triangle, a portion 
of City ROW between Alameda Street, North Main Street, and Alhambra Street. 

From the Alameda Tower, the proposed Project alignment would continue north along Alameda 
Street and cross Alpine Street. The proposed Alpine Tower would be constructed at the corner of 
Alameda Street and Alpine Street on City property. From the Alpine Tower, the proposed Project 
alignment would follow the public ROW and continue over the elevated Metro L Line (Gold). 
North of College Street, Alameda Street becomes Spring Street, and the proposed alignment 
would generally follow Spring Street in a northeast trajectory until it reaches the southernmost 
point of Los Angeles State Historic Park, where the proposed Chinatown/State Park Station 
would be constructed partially on City ROW and partially within the boundaries of the Los 
Angeles State Historic Park.  

From the Chinatown/State Park Station, the proposed Project alignment would continue traveling 
north towards the intersection of North Broadway and Bishops Road, crossing over the western 
edge of the Los Angeles State Historic Park and the Metro L Line (Gold) tracks. The Broadway 
Junction would be located at the northern corner of the intersection of North Broadway and 
Bishops Road (1201 North Broadway). From the Broadway Junction, the proposed Project 
alignment would travel northwest primarily along Bishops Road, with portions above private 
property, crossing over State Route 110 (SR-110) towards Dodger Stadium. The proposed 
Stadium Tower would be located on hillside private property north of Stadium Way between the 
Downtown Gate entrance road to Dodger Stadium and SR-110. The northern terminus of the 
system would be located in a parking lot at the Dodger Stadium property, where the proposed 
Dodger Stadium Station would be constructed. 

Figure 2-3 depicts the proposed Project alignment, including station locations, junction location, 
and tower locations. The proposed Project components are detailed below. 
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Figure 2-3 Proposed Project Alignment 
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Alameda Station: The Alameda Station would be located on Alameda Street adjacent to the 
planned LAUS Forecourt and Placita de Dolores between Los Angeles Street and Cesar Chavez 
Avenue. The station would be approximately 173 feet long, 109 feet wide, and 78 feet high at its 
tallest point, with the passenger loading platform approximately 31 feet above Alameda Street. 
Vertical circulation elements (e.g., elevators, escalators, stairs) for pedestrian access, which 
would also serve as queuing areas to the station, would be introduced at-grade north of the 
Placita de Dolores in a proposed new pedestrian plaza at El Pueblo on the west in an area 
currently containing a parking and loading area for El Pueblo. On the east, vertical circulation 
elements would be introduced at-grade from the planned LAUS Forecourt. Installation of the 
vertical circulation elements may include removal and replacement of trees, removal of parking 
and loading for El Pueblo, and installation of landscaping and hardscape. 

Alameda Tower: The Alameda Tower would be located on the Alameda Triangle, a City ROW 
between Alameda Street, North Main Street, and Alhambra Avenue and would be 195 feet tall 
with the cable suspended 175 feet above-ground. Implementation of the Alameda Tower would 
include reuse and integration of the existing pavers located at the Alameda Triangle, as well as 
additional landscape and hardscape updates to the Alameda Triangle.  

Alpine Tower: The Alpine Tower would be located on a City-owned parcel that is currently a 
surface parking lot, at the northeast corner of Alameda Street and Alpine Street, adjacent to the 
Metro L Line (Gold). The Alpine Tower would be 195 feet tall at its tallest point, with the cable 
suspended 175 feet above ground. The Alpine Tower would also include the installation of 
landscaping and hardscaping near the base of the tower. 

Chinatown/State Park Station: The Chinatown/State Park Station would be located adjacent to 
Spring Street in the southernmost portion of the Los Angeles State Historic Park. The southern 
portion of the station would be located on City ROW, while the northern portion of the station 
would be integrated into the southern boundary of the Los Angeles State Historic Park. The 
station would be approximately 200 feet long, 80 feet wide, and 98 feet tall at its tallest point, with 
the passenger boarding platform approximately 50 feet above-grade. Access to the boarding 
platform would be from the mezzanine via elevators and stairs. Comprised of three levels, 
elevators and stairs from the ground level would lead up to a mezzanine, 27 feet above-grade, 
and ramps for the queuing area would lead up to the boarding platform, which is 50 feet 
above-ground. Elevators would be centrally located within the station. The Chinatown/State Park 
Station would also include Park amenities, including approximately 740 square feet of 
concessions, 770 square feet of restrooms, and a 220 square foot covered breezeway 
connecting the concessions and restrooms. Additionally, the Chinatown/State Park Station would 
include a mobility hub where passengers would be able to access a suite of first and last mile 
multi-modal options, such as a bike share program. Pedestrian access enhancements could 
include pedestrian improvements between Metroôs L Line (Gold) Station and the Chinatown/State 
Park Station, including hardscape and landscape improvements, shade structures, and potential 
seating, as well as support for the future Los Angeles State Historic Park bike and pedestrian 
bridge. The Chinatown/State Park Station would require the removal of trees and vegetation; 
however, it will include the installation of landscaping and hardscaping. The Chinatown/State 
Park Station would provide passenger access to Chinatown, the Los Angeles State Historic Park, 
and to nearby neighborhoods and land uses, including the Mission Junction neighborhood, which 
includes the William Mead Homes public housing complex. 

Broadway Junction: The Broadway Junction is a non-passenger junction that would be located 
at the intersection of North Broadway and Bishops Road. The junction would primarily be located 
on privately-owned property with a portion of the junction and overhead cable infrastructure 
cantilevered and elevated above the public ROW. The existing building located at 1201 N. 
Broadway would be demolished. The Broadway Junction would be approximately 227 feet long, 
60 feet wide, and 98 feet high at its tallest point, with the platform approximately 50 feet above 
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the ground. Vertical circulation elements (i.e., elevators and stairs) would be installed on the 
northwest side of the junction for staff and maintenance access to the platform. 

Stadium Tower: The Stadium Tower would be located on hillside private property north of 
Stadium Way between Downtown Gate and SR-110 and would stand 179 feet tall with the cable 
suspended 159 feet above-ground. The Stadium Tower would also include a 70-foot fire buffer 
area around the construction site and the installation of landscaping near the base of the tower. 

Dodger Stadium Station: The Dodger Stadium Station would be located in the southeast 
portion of the Dodger Stadium property near the Downtown Gate. This station would be 
approximately 194 feet long, 80 feet wide, and 74 feet high at its tallest point. Cabins at this 
station would arrive and depart from an at-grade boarding platform, with the passenger queuing 
area also at-grade. The Dodger Stadium Station would include a subterranean area below the 
platform for storage and maintenance of cabins, as well as staff break rooms, lockers, and parts 
storage areas. The cabins will be transferred between the Station platform and the subterranean 
area by way of a cabin elevator. Automated parking and controls will manage the process of 
storing cabins or returning them to service. Cabins would be returned to and stored at the 
Dodger Stadium Station when the system is not in use.  

Additionally, the Project Sponsor will request a program with the Los Angeles Dodgers on the 
potential for the Dodger Stadium Station to include a mobility hub where passengers would be 
able to access first and last mile multi-modal options to access Elysian Park and other nearby 
neighborhoods, including Solano Canyon. Consideration as to the mobility hub include securing 
Dodger Stadium and the surrounding surface parking, which are operated as an MLB stadium. 
Dodger Stadium Station would also include a pedestrian connection to Dodger Stadium, 
including hardscape and landscape improvements and potential seating. Restrooms for 
passenger use would be located at the station. Implementation of the Dodger Stadium Station 
would require the removal of parking spaces, as well as removal and replacement of 
landscaping. 

2.4 System Operations 

2.4.1 Typical Operating Logistics 
During operations, the cabins would travel on a continuous loop between the Alameda Station 
and the Dodger Stadium Station. Cabins would pass through passenger stations at roughly one 
foot per second to allow for unloading and loading. If needed, a cabin could be stopped to 
accommodate passenger boarding. After the cabins pass through the unload/load zones, the 
doors would close and the cabins would accelerate to match the line speed of the haul rope 
before reattaching to the haul rope. 

Gondola cabins would enter, traverse, and depart stations under fully automated control. 
Operation of the proposed Project would require approximately 20 personnel. Station attendants 
would be located within each station to assure safe boarding or to execute stops, if necessary. 
Attendants would also provide customer interaction and observation; if a passenger needs 
special assistance, an attendant may either further slow or stop a cabin. A separate operator 
would sit in a booth adjacent to the boarding area and monitor screens, which would show 
activities in each cabin and station, as well as all of the system controls. 

2.4.2 Queueing and Ticketing/Fare Checking 
Queueing areas would be built into and as necessary, adjacent to, each of the stations to provide 
a gathering place for passengers waiting to enter the stations, thereby preventing crowding of 
sidewalks and walkways by passengers around stations. Queueing for the Alameda Station 
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would occur in the planned LAUS Forecourt area on the east side of Alameda Street, and north 
of the Placita de Dolores in a proposed new pedestrian plaza at El Pueblo on the west side of 
Alameda Street. At the Chinatown/State Park Station, queueing would occur on the mezzanine 
and boarding platform levels. At the Dodger Stadium Station, the queueing area would be 
located on the north side of the station in a designated queueing area adjacent to the station.  

Ticketing for the proposed Project would use either a chip-based card system or electronic 
ticketing that could be purchased and saved on a personal mobile device. Using these types of 
technologies would allow for contactless fare checking at the stations. Riders would 
pre-purchase their ticket prior to entering the boarding platform and fares would be checked 
using a card reader/scanner. 

2.4.3 Signage 
Similar to other transit projects that incorporate signage, the proposed Project would include 
signage to support wayfinding for transit patrons including information about transit connections 
and other important information to facilitate transit usage. Private funding for the proposed 
Project is anticipated to be supported by naming rights and sponsorship revenues, and such 
sponsors would be recognized in Project signage, which would be designed consistent with 
applicable Metro and City approval requirements. Such signage may include identification and 
other static signs, electronic digital displays and/or changeable message light-emitting diode 
(LED) boards that include both transit information and other content, which may include off-site 
advertising that generates proceeds to support transit system costs and operations. Signage 
would be architecturally integrated into the design of the ART system including its stations, the 
junction, towers, and cabins. In addition, directional and pedestrian signage would be placed 
adjacent to and throughout the proposed Project as necessary to facilitate access and safety, 
including along the pedestrian improvements between Metroôs L Line (Gold) Station and the 
pedestrian connection between the Dodger Stadium Station and Dodger Stadium. Project 
signage would be illuminated by means of low-level external lighting, internal lighting, or ambient 
light. Exterior lights would be directed onto signs to minimize off-site glare. Signage would be in 
conformance with all applicable requirements of the Los Angeles Municipal Code (LAMC), and in 
accordance with LAMC, lighting intensity will be minimized in order to avoid negative impacts to 
adjacent residential properties. 

2.4.4 Lighting 
Project lighting would include low-level lighting for security and wayfinding purposes adjacent to 
and within the stations, junction, and towers, within cabins, at the vertical circulation, and areas 
for ticketing, fare checking, and queueing. In addition, low-level lighting to accent signage, 
architectural features, landscaping, adjacent pedestrian plazas, and potential mobility hubs 
would be installed at the stations, junction, and towers. Lighting would also be provided 
underneath the elevated stations and junction. Lighting for the pedestrian access enhancements, 
including the pedestrian improvements between Metroôs L Line (Gold) Station and the pedestrian 
connection between the Dodger Stadium Station and Dodger Stadium would include new pole 
lights for security and wayfinding purposes, as well as low-level lighting to accent signage and 
landscaping. 

Lighting would be low-level and primarily integrated within the architectural features. Exterior 
lighting would be shielded or directed toward the areas to be lit to limit spillover onto adjacent 
properties and off-site uses, and would meet all applicable LAMC lighting standards. 
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2.4.5 Maintenance 
The proposed Project would require routine maintenance that would be performed by the system 
operator. The overall system would be observed on a daily basis as part of the startup routine.  

Routine maintenance activities would generally take place during overnight periods or other 
scheduled down time. Cabins and their associated grips and hangers would be maintained in the 
shop at the Dodger Stadium Station. A work carrier cabin would be provided to facilitate work at 
tower equipment. Annual maintenance activities may require crane access at tower locations, 
including the potential to require the temporary closing of traffic lanes. 

Rope maintenance schedules would be determined through a combination of system design and 
periodic monitoring; however, it is expected that the haul rope would need replacement every 5 
to 10 years. This would require pulling a new haul rope, which would take up to two weeks to 
complete. 

On a periodic basis, the system would undergo formal testing as prescribed by the California 
Division of Occupational Safety and Health (Cal/OSHA) and appropriate ropeway standards. This 
formal testing is required by standards to occur at least every 7 years. It is anticipated that the 
system would be closed to riders for up to two days during the formal testing events.  

Backup power would be provided by battery storage located at each station and tower and the 
non-passenger junction. The battery storage system would be tested on a regular basis. 

2.4.6 Power Requirements 
Operational power requirements can be separated into two categories: normal operations and 
emergency operations. Power requirements of normal operations would be provided by the City 
of Los Angeles Department of Water and Power through a connection to their power grid, and 
would include the power to operate the gondola system and the non-gondola system 
components (i.e. lights, ventilation, escalators, elevators). When operating at capacity, normal 
operations are estimated to require a total of approximately 2.5 megawatts of power.  

Power requirements for emergency operations consist of the energy needed for operations in the 
event of a power grid failure. The proposed Project would include the installation of backup 
battery storage at each station, tower, and junction to provide backup power to allow unloading of 
the system in the event of a power grid failure. The total backup power required is 1,400 
kilowatts.  

2.4.7 Sustainability Features 
The proposed Project would provide a sustainable, high-capacity zero emission ART option for 
visitors to Dodger Stadium, while also providing access between Dodger Stadium, the 
surrounding communities, and the regional transit system accessible at LAUS. ART technology is 
quiet, and the proposed Project would reduce VMT and congestion, leading to reduced GHG 
emissions and improved air quality. 

The proposed Projectôs stations, junction, towers, and gondola cabins would incorporate energy 
efficient, sustainable, water and waste efficient, and resilient features, as feasible. The proposed 
stations and junction are designed to be open-air buildings, allowing for passive ventilation 
strategies and providing direct access to outdoor air and natural daylight, while also providing 
adequate shade protection from heat. The cabins would be ventilated to enhance air quality for 
passengers.  
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The design intent and structural strategy for the stations and towers also provides an efficiency of 
materials. The steel plate tower forms have been designed as ñMonocoqueò structures, where 
structure, form, and finish are unified. Materials for the stations, junction, and towers would be 
locally sourced where possible, and would include recycled content where possible. Light-toned 
finish materials will also serve to minimize heat island concerns. 

The proposed Project would be designed to comply with all applicable state and local codes, 
including the City of Los Angeles Green Building and Low-Impact Development (LID) 
Ordinances.  

2.5 Construction 
Construction of the proposed Project is anticipated to begin as early as 2024 and take 
approximately 25 months, including construction, cable installation, and system testing. A 
summary of the construction activities is provided below. Construction of the Project components 
may partially overlap in schedule, especially since construction would occur at several physically 
separated sites.  

Utility relocations would occur prior to construction of the proposed Project components and 
would be coordinated directly with the utility providers. Following utility relocations, construction 
would commence.  

During construction, some parking spaces at Dodger Stadium would be temporarily closed for 
construction of the Dodger Stadium Station and for overall Project construction, construction 
trailers, laydown and staging areas, and construction worker parking.  

Construction of more than one Project component would occur at the same time, with 
consideration of available materials, work crew availability, and coordination of roadway closures. 
Table 2-1 below includes the estimated duration to complete construction of each of the 
proposed Project components, the maximum depths of drilled piles, the maximum depth of 
excavation, the amount of excavation, and the amount of materials (soils and demolition debris) 
to be exported for each component of the proposed Project. 

Table 2-1 Proposed Project Construction Details 

Component Construction Duration 

Maximum 
Depth of 
Drilled Piles 

Maximum 
Depth of 
Excavation 

Amount of 
Excavation 

Amount of 
Materials 
Exported 

Alameda Station 17 months 125 feet 10 feet 2,728 cubic 
yards 

2,295 cubic 
yards 

Alameda Tower 12 months 120 feet 10 feet 2,850 cubic 
yards 

2,292 cubic 
yards 

Alpine Tower 11 months 120 feet 10 feet 3,606 cubic 
yards 

2,887 cubic 
yards 

Chinatown/State 
Park Station 19 months 80 feet 10 feet 6,267 cubic 

yards 
4,567 cubic 
yards 

Broadway 
Junction 19 months 90 feet 7 feet 6,407 cubic 

yards 
5,379 cubic 
yards 

Stadium Tower 12 months 120 feet 7 feet 1,286 cubic 
yards 

1,202 cubic 
yards 

Dodger Stadium 
Station 20 months 55 feet 42 feet 44,313 cubic 

yards 
44,001 cubic 
yards 
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Following completion of construction, the gondola cables would be installed, followed by system 
testing and inspections. 

Working hours would vary to meet special circumstances and restrictions, but are anticipated to 
be consistent with the Cityôs allowable construction hours of Monday through Friday between 
7:00 a.m. to 9:00 p.m. and Saturdays and National Holidays between 8:00 a.m. to 6:00 p.m. 
While not anticipated, approval would be required from the City of Los Angeles Board of Police 
Commissioners for any extended construction hours and possible construction on Sundays. 

Anticipated closures would include lane closures in which lanes would be closed 24-hours a day 
during certain phases of construction, or alternating closures during certain phases of 
construction, in which closures would occur during construction hours for approximately 10 hours 
a day, and roads would reopen during non-construction hours for approximately 14 hours a day. 
For alternating closures, during non-construction hours, steel plates would be placed over 
construction sites to the extent feasible in order to allow for vehicular and pedestrian circulation. 
The closures and hours would vary between location and phase of construction. The proposed 
Project would implement a Construction Traffic Management Plan that would include detours and 
ensure that emergency access is maintained throughout all construction activities.  
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3. Regulatory Framework 

3.1 Noise 

3.1.1 Federal 
The Federal Transit Administration (FTA) methodologies for assessing noise impacts are defined 
in the FTAôs Transit Noise and Vibration Impact Assessment Manual (FTA Manual). The values 
presented in Table 3-1 represent the detailed construction noise impact assessment criteria for 
daytime construction from the FTA Manual. 

Table 3-1 FTA Detailed Noise Analysis Construction Assessment Criteria 

Land Use Daytime Noise Leq(8-hr) 

Residential 80 

Commercial 85 

Industrial 90 

Source: FTA, 2018 
 
The FTA operational noise impact criteria for transit projects are shown graphically on Figure 
3-1. The Land Use Categories (1, 2, and 3) shown on Figure 3-1 are defined in Table 3-2.  

Table 3-2 FTA Land Use Categories and Metrics for Transit Noise Impact Criteria 

Land Use 
Category 

Land Use 
Type 

Noise 
Metric 
(dBA) 

Description of Land Use Category 

1 High 
Sensitivity 

Outdoor 
Leq(h)1 

Tracts of land where quiet is an essential element in their intended 
purpose. This category includes lands set aside for serenity and quiet, and 
such land uses as outdoor amphitheaters and concert pavilions, as well 
as National Historic Landmarks with significant outdoor use. 

2 Residential Outdoor 
Ldn 

Residences and buildings where people normally sleep. This category 
includes homes, hospitals, and hotels where a nighttime sensitivity to 
noise is assumed to be of utmost importance. 

3 Institutional Outdoor 
Leq(h)1 

Institutional land uses with primarily daytime and evening use. This 
category includes schools, libraries, and churches where it is important to 
avoid interference with such activities as speech, meditation, and 
concentration on reading material. Buildings with interior spaces where 
quiet is important, such as medical offices, conference rooms, recording 
studios, and concert halls fall into this category. Places for meditation or 
study associated with cemeteries, monuments, and museums. Certain 
historical sites, parks, and recreational facilities are also included. 

1 Leq for the noisiest hour of system-related activity during hours of noise sensitivity.  
Source: FTA, 2018. 
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                  Source: FTA, 2018

Figure 3-1 Operational Noise Impact Criteria for Transit Projects

With a noise exposure below the lower of the two curves on Figure 3-1, a proposed project is 
considered to have no noise impact because, on average, its introduction would result in a 
minimal increase in the number of people highly annoyed by the new noise. The curve defining 
the onset of noise impact stops increasing at 65 dBA for Land Use Categories 1 and 2 (the 
left-hand axis), a standard limit for an acceptable living environment defined by a number of 
federal, state, and local agencies. Project noise above the upper curve is considered to cause a 
severe impact because a significant percentage of people would be highly annoyed by the new 
noise. The upper curve flattens at 75 dBA for Land Use Categories 1 and 2, indicating a level 
associated with an unacceptable living environment. As indicated by the Land Use Category 3 
scale on Figure 3-1 (right-hand axis), the noise criteria are 5 dB higher for Land Use Category 3 
because these types of land uses are considered to be less sensitive to noise than Land Use 
Categories 1 and 2.

Between the two curves, a proposed project is judged to have a moderate impact. The change in 
the combined noise levelðwhen project-generated noise is added to existing noise levelsðis 
noticeable to most people, but could not be sufficient to cause strong, adverse reactions from the 
community. In this transitional area, other project-specific factors must be considered to
determine the impactôs magnitude and the need for mitigation, such as the existing noise level,
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�F�D�Q���V�W�L�O�O���F�D�X�V�H���D�Q���L�P�S�D�F�W�����7�K�L�V���L�V���F�O�H�D�U�H�U���I�U�R�P���W�K�H���H�[�D�P�S�O�H�V���J�L�Y�H�Q���L�Q��Table 3-3�����Z�K�L�F�K���L�Q�G�L�F�D�W�H���W�K�H��
�D�O�O�R�Z�H�G���W�U�D�Q�V�L�W���Q�R�L�V�H���O�H�Y�H�O���I�R�U���G�L�I�I�H�U�H�Q�W���H�[�L�V�W�L�Q�J���O�H�Y�H�O�V���R�I���H�[�S�R�V�X�U�H��
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�7�D�E�O�H�����������)�7�$���2�S�H�U�D�W�L�R�Q�D�O���1�R�L�V�H���,�P�S�D�F�W���&�U�L�W�H�U�L�D�����(�I�I�H�F�W���R�Q���&�X�P�X�O�D�W�L�Y�H���1�R�L�V�H���(�[�S�R�V�X�U�H 

�/ �G�Q���R�U���/�H�T���L�Q���G�%�$�����U�R�X�Q�G�H�G���W�R���W�K�H���Q�H�D�U�H�V�W���Z�K�R�O�H���G�H�F�L�E�H�O�� 

�(�[�L�V�W�L�Q�J���1�R�L�V�H��
�(�[�S�R�V�X�U�H 

�$�O�O�R�Z�D�E�O�H���3�U�R�M�H�F�W���1�R�L�V�H��
�(�[�S�R�V�X�U�H���%�H�I�R�U�H���0�R�G�H�U�D�W�H��

�,�P�S�D�F�W 
�$�O�O�R�Z�D�E�O�H���&�R�P�E�L�Q�H�G���7�R�W�D�O��

�1�R�L�V�H���(�[�S�R�V�X�U�H 
�$�O�O�R�Z�D�E�O�H���1�R�L�V�H��

�(�[�S�R�V�X�U�H���,�Q�F�U�H�D�V�H

����  ����  ����  ��

����  ����  ����  ��

����  ����  ����  ��

����  ����  ����  ��

����  ����  ����  ��

����  ����  ����  ��

����  ����  ����  ��

Source: FTA, 2018 

3.1.2 �6�W�D�W�H

�7�K�H���6�W�D�W�H���R�I���&�D�O�L�I�R�U�Q�L�D���K�D�V���Q�R�W���D�G�R�S�W�H�G���V�W�D�W�H�Z�L�G�H���V�W�D�Q�G�D�U�G�V���I�R�U���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O���Q�R�L�V�H�����E�X�W���W�K�H��
�&�D�O�L�I�R�U�Q�L�D���'�H�S�D�U�W�P�H�Q�W���R�I���+�H�D�O�W�K���6�H�U�Y�L�F�H�V�����'�+�6�����K�D�V���H�V�W�D�E�O�L�V�K�H�G���J�X�L�G�H�O�L�Q�H�V���I�R�U���H�Y�D�O�X�D�W�L�Q�J���W�K�H��
�F�R�P�S�D�W�L�E�L�O�L�W�\���R�I���Y�D�U�L�R�X�V���O�D�Q�G���X�V�H�V���D�V���D���I�X�Q�F�W�L�R�Q���R�I���F�R�P�P�X�Q�L�W�\���Q�R�L�V�H���H�[�S�R�V�X�U�H�����D�V���S�U�H�V�H�Q�W�H�G���L�Q��
Figure 3-3�����7�K�H���S�X�U�S�R�V�H���R�I���W�K�H�V�H���J�X�L�G�H�O�L�Q�H�V���L�V���W�R���P�D�L�Q�W�D�L�Q���D�F�F�H�S�W�D�E�O�H���Q�R�L�V�H���O�H�Y�H�O�V���L�Q���D��
�F�R�P�P�X�Q�L�W�\���V�H�W�W�L�Q�J���I�R�U���G�L�I�I�H�U�H�Q�W���O�D�Q�G���X�V�H���W�\�S�H�V�����1�R�L�V�H���O�H�Y�H�O�V���D�U�H���G�L�Y�L�G�H�G���L�Q�W�R���I�R�X�U���J�H�Q�H�U�D�O��
�F�D�W�H�J�R�U�L�H�V�����Z�K�L�F�K���Y�D�U�\���L�Q���U�D�Q�J�H���D�F�F�R�U�G�L�Q�J���W�R���O�D�Q�G���X�V�H���W�\�S�H��

�x �³�Q�R�U�P�D�O�O�\���D�F�F�H�S�W�D�E�O�H���´

�x �³�F�R�Q�G�L�W�L�R�Q�D�O�O�\���D�F�F�H�S�W�D�E�O�H���´

�x �³�Q�R�U�P�D�O�O�\���X�Q�D�F�F�H�S�W�D�E�O�H���´���D�Q�G

�x �³�F�O�H�D�U�O�\���X�Q�D�F�F�H�S�W�D�E�O�H���´

�)�R�U���L�Q�V�W�D�Q�F�H�����D���Q�R�L�V�H���H�Q�Y�L�U�R�Q�P�H�Q�W���U�D�Q�J�L�Q�J���I�U�R�P���������G�%�$���&�1�(�/���W�R���������G�%�$���&�1�(�/���L�V���F�R�Q�V�L�G�H�U�H�G���W�R��
�E�H���³�Q�R�U�P�D�O�O�\���D�F�F�H�S�W�D�E�O�H�´���I�R�U���P�X�O�W�L���I�D�P�L�O�\���U�H�V�L�G�H�Q�W�L�D�O���X�V�H�V�����Z�K�L�O�H���D���Q�R�L�V�H���H�Q�Y�L�U�R�Q�P�H�Q�W���R�I���������G�%�$��
�&�1�(�/���R�U���D�E�R�Y�H���I�R�U���P�X�O�W�L���I�D�P�L�O�\���U�H�V�L�G�H�Q�W�L�D�O���X�V�H�V���L�V���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���³�F�O�H�D�U�O�\���X�Q�D�F�F�H�S�W�D�E�O�H���´

�,�Q���D�G�G�L�W�L�R�Q�����&�D�O�L�I�R�U�Q�L�D���*�R�Y�H�U�Q�P�H�Q�W���&�R�G�H���6�H�F�W�L�R�Q���������������U�H�T�X�L�U�H�V���H�D�F�K���F�R�X�Q�W�\���D�Q�G���F�L�W�\���L�Q���W�K�H
�6�W�D�W�H���W�R���S�U�H�S�D�U�H���D�Q�G���D�G�R�S�W���D���F�R�P�S�U�H�K�H�Q�V�L�Y�H���O�R�Q�J���U�D�Q�J�H���J�H�Q�H�U�D�O���S�O�D�Q���I�R�U���L�W�V���S�K�\�V�L�F�D�O��
�G�H�Y�H�O�R�S�P�H�Q�W�����Z�L�W�K���6�H�F�W�L�R�Q���������������I�����U�H�T�X�L�U�L�Q�J���D���Q�R�L�V�H���H�O�H�P�H�Q�W���W�R���E�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���J�H�Q�H�U�D�O���S�O�D�Q��
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Source: California Office of Noise Control 

Figure 3-3 Guidelines for Noise Compatible Land Use  
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3.1.3 �/�R�F�D�O 

3.1.3.1 �/�R�V���$�Q�J�H�O�H�V���0�X�Q�L�F�L�S�D�O���&�R�G�H 
�7�K�H���&�L�W�\�¶�V���1�R�L�V�H���5�H�J�X�O�D�W�L�R�Q�V���D�U�H���S�U�R�Y�L�G�H�G���L�Q���&�K�D�S�W�H�U���;�,���R�I���W�K�H���/�R�V���$�Q�J�H�O�H�V���0�X�Q�L�F�L�S�D�O���&�R�G�H��
���/�$�0�&�������6�H�F�W�L�R�Q�����������������R�I���W�K�H���/�$�0�&���S�U�R�Y�L�G�H�V���S�U�R�F�H�G�X�U�H�V���D�Q�G���F�U�L�W�H�U�L�D���I�R�U���W�K�H���P�H�D�V�X�U�H�P�H�Q�W���R�I��
�W�K�H���V�R�X�Q�G���O�H�Y�H�O���R�I���F�H�U�W�D�L�Q���Q�R�L�V�H���V�R�X�U�F�H�V�����,�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���W�K�H���/�$�0�&�����D���Q�R�L�V�H���V�R�X�U�F�H���W�K�D�W��
�F�D�X�V�H�V���D���Q�R�L�V�H���O�H�Y�H�O���L�Q�F�U�H�D�V�H���R�I�������G�%�$���R�Y�H�U���W�K�H���H�[�L�V�W�L�Q�J���D�Y�H�U�D�J�H���D�P�E�L�H�Q�W���Q�R�L�V�H���O�H�Y�H�O���D�V��
�P�H�D�V�X�U�H�G���D�W���D�Q���D�G�M�D�F�H�Q�W���S�U�R�S�H�U�W�\���O�L�Q�H���L�V���F�R�Q�V�L�G�H�U�H�G���W�R���F�U�H�D�W�H���D���Y�L�R�O�D�W�L�R�Q���R�I���W�K�H���/�$�0�&�� 

�7�R���D�F�F�R�X�Q�W���I�R�U���S�H�R�S�O�H�¶�V���L�Q�F�U�H�D�V�H�G���W�R�O�H�U�D�Q�F�H���I�R�U���V�K�R�U�W���G�X�U�D�W�L�R�Q���Q�R�L�V�H���H�Y�H�Q�W�V�����W�K�H���/�$�0�&���S�U�R�Y�L�G�H�V���D��
�����G�%�$���D�O�O�R�Z�D�Q�F�H���I�R�U���D���Q�R�L�V�H���V�R�X�U�F�H���W�K�D�W���F�D�X�V�H�V���Q�R�L�V�H���O�D�V�W�L�Q�J���P�R�U�H���W�K�D�Q�������E�X�W���O�H�V�V���W�K�D�Q��������
�P�L�Q�X�W�H�V���L�Q���D�Q�\�������K�R�X�U���S�H�U�L�R�G���D�Q�G���D�Q���D�G�G�L�W�L�R�Q�D�O�������G�%�$���D�O�O�R�Z�D�Q�F�H�����W�R�W�D�O���R�I���������G�%�$�����I�R�U���D���Q�R�L�V�H��
�V�R�X�U�F�H���W�K�D�W���F�D�X�V�H�V���Q�R�L�V�H���O�D�V�W�L�Q�J�������P�L�Q�X�W�H�V���R�U���O�H�V�V���L�Q���D�Q�\�������K�R�X�U���S�H�U�L�R�G�� 

�6�H�F�W�L�R�Q�����������������R�I���W�K�H���/�$�0�&���V�H�W�V���D���P�D�[�L�P�X�P���Q�R�L�V�H���O�H�Y�H�O���I�R�U���F�R�Q�V�W�U�X�F�W�L�R�Q���H�T�X�L�S�P�H�Q�W���R�I���������G�%�$���D�W��
�D���G�L�V�W�D�Q�F�H���R�I���������I�H�H�W���E�H�W�Z�H�H�Q�������$�0���D�Q�G���������3�0���Z�K�H�Q���R�S�H�U�D�W�H�G���Z�L�W�K�L�Q�����������I�H�H�W���R�I���D���U�H�V�L�G�H�Q�W�L�D�O��
�]�R�Q�H�����&�R�P�S�O�L�D�Q�F�H���Z�L�W�K���W�K�L�V���V�W�D�Q�G�D�U�G���V�K�D�O�O���Q�R�W���D�S�S�O�\���Z�K�H�U�H���³�W�H�F�K�Q�L�F�D�O�O�\���L�Q�I�H�D�V�L�E�O�H���´�� 

�6�H�F�W�L�R�Q���������������R�I���W�K�H���/�$�0�&���S�U�R�K�L�E�L�W�V���F�R�Q�V�W�U�X�F�W�L�R�Q���E�H�W�Z�H�H�Q���W�K�H���K�R�X�U�V���R�I�������������3�0���D�Q�G�������������$�0��
�0�R�Q�G�D�\���W�K�U�R�X�J�K���)�U�L�G�D�\���������������3�0���D�Q�G�������������$�0���R�Q���6�D�W�X�U�G�D�\�����D�Q�G���D�W���D�Q�\���W�L�P�H���R�Q���6�X�Q�G�D�\��
���L���H���� �F�R�Q�V�W�U�X�F�W�L�R�Q���L�V���D�O�O�R�Z�H�G���0�R�Q�G�D�\���W�K�U�R�X�J�K���)�U�L�G�D�\���E�H�W�Z�H�H�Q�������������$�0���D�Q�G�������������3�0�����D�Q�G��
�6�D�W�X�U�G�D�\�V���D�Q�G���1�D�W�L�R�Q�D�O���+�R�O�L�G�D�\�V���E�H�W�Z�H�H�Q�������������$�0���D�Q�G�������������3�0�������$�S�S�U�R�Y�D�O���Z�R�X�O�G���E�H���U�H�T�X�L�U�H�G��
�I�U�R�P���W�K�H���&�L�W�\���R�I���/�R�V���$�Q�J�H�O�H�V���%�R�D�U�G���R�I���3�R�O�L�F�H���&�R�P�P�L�V�V�L�R�Q�H�U�V���I�R�U���H�[�W�H�Q�G�H�G���F�R�Q�V�W�U�X�F�W�L�R�Q���K�R�X�U�V��
�D�Q�G���F�R�Q�V�W�U�X�F�W�L�R�Q���R�Q���6�X�Q�G�D�\�V���� 

3.1.3.2 �&�L�W�\���R�I���/�R�V���$�Q�J�H�O�H�V���1�R�L�V�H���(�O�H�P�H�Q�W 
�7�K�H���1�R�L�V�H���(�O�H�P�H�Q�W���R�I���W�K�H���&�L�W�\���R�I���/�R�V���$�Q�J�H�O�H�V���*�H�Q�H�U�D�O���3�O�D�Q���H�V�W�D�E�O�L�V�K�H�V���&�1�(�/���J�X�L�G�H�O�L�Q�H�V���I�R�U���O�D�Q�G��
�X�V�H���F�R�P�S�D�W�L�E�L�O�L�W�\���D�Q�G���L�Q�F�O�X�G�H�V���D���Q�X�P�E�H�U���R�I���J�R�D�O�V�����R�E�M�H�F�W�L�Y�H�V�����D�Q�G���S�R�O�L�F�H�V���I�R�U���O�D�Q�G���X�V�H���S�O�D�Q�Q�L�Q�J��
�S�X�U�S�R�V�H�V���� 

�7�K�H���R�Y�H�U�D�O�O���S�X�U�S�R�V�H���R�I���W�K�H���1�R�L�V�H���(�O�H�P�H�Q�W���L�V���W�R���J�X�L�G�H���S�R�O�L�F�\���P�D�N�H�U�V���L�Q���P�D�N�L�Q�J���O�D�Q�G���X�V�H��
�G�H�W�H�U�P�L�Q�D�W�L�R�Q�V���D�Q�G���L�Q���S�U�H�S�D�U�L�Q�J���Q�R�L�V�H���R�U�G�L�Q�D�Q�F�H�V���W�K�D�W���Z�R�X�O�G���O�L�P�L�W���H�[�S�R�V�X�U�H���R�I���F�L�W�L�]�H�Q�V���W�R��
�H�[�F�H�V�V�L�Y�H���Q�R�L�V�H���O�H�Y�H�O�V�����7�K�H���I�R�O�O�R�Z�L�Q�J���S�R�O�L�F�L�H�V���D�Q�G���R�E�M�H�F�W�L�Y�H�V���I�U�R�P���W�K�H���1�R�L�V�H���(�O�H�P�H�Q�W���D�U�H��
�D�S�S�O�L�F�D�E�O�H���W�R���W�K�H���3�U�R�M�H�F�W���� 

�x �2�E�M�H�F�W�L�Y�H���������Q�R�Q���D�L�U�S�R�U�W���������5�H�G�X�F�H���R�U���H�O�L�P�L�Q�D�W�H���Q�R�Q���D�L�U�S�R�U�W���U�H�O�D�W�H�G���L�Q�W�U�X�V�L�Y�H���Q�R�L�V�H����
�H�V�S�H�F�L�D�O�O�\���U�H�O�D�W�L�Y�H���W�R���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���O�D�Q�G���X�V�H�V�� 

�x �3�R�O�L�F�\�������������(�Q�I�R�U�F�H���D�Q�G���R�U���L�P�S�O�H�P�H�Q�W���D�S�S�O�L�F�D�E�O�H���&�L�W�\�����6�W�D�W�H�����D�Q�G���I�H�G�H�U�D�O���U�H�J�X�O�D�W�L�R�Q�V��
�L�Q�W�H�Q�G�H�G���W�R���P�L�W�L�J�D�W�H���S�U�R�S�R�V�H�G���Q�R�L�V�H���S�U�R�G�X�F�L�Q�J���D�F�W�L�Y�L�W�L�H�V�����U�H�G�X�F�H���L�Q�W�U�X�V�L�Y�H���Q�R�L�V�H���D�Q�G��
�D�O�O�H�Y�L�D�W�H���Q�R�L�V�H���W�K�D�W���L�V���G�H�H�P�H�G���D���S�X�E�O�L�F���Q�X�L�V�D�Q�F�H�� 

�x �2�E�M�H�F�W�L�Y�H���������/�D�Q�G���8�V�H���'�H�Y�H�O�R�S�P�H�Q�W�������5�H�G�X�F�H���R�U���H�O�L�P�L�Q�D�W�H���Q�R�L�V�H���L�P�S�D�F�W�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K��
�W�K�H���S�U�R�S�R�V�H�G���G�H�Y�H�O�R�S�P�H�Q�W���R�I���O�D�Q�G���D�Q�G���F�K�D�Q�J�H�V���L�Q���O�D�Q�G���X�V�H�� 

�x �3�R�O�L�F�\�������������'�H�Y�H�O�R�S���O�D�Q�G���X�V�H���S�R�O�L�F�L�H�V���D�Q�G���S�U�R�J�U�D�P�V���W�K�D�W���Z�L�O�O���U�H�G�X�F�H���R�U���H�O�L�P�L�Q�D�W�H���S�R�W�H�Q�W�L�D�O��
�D�Q�G���H�[�L�V�W�L�Q�J���Q�R�L�V�H���L�P�S�D�F�W�V�� 

�7�K�H���&�L�W�\�¶�V���1�R�L�V�H���(�O�H�P�H�Q�W���L�Q�F�O�X�G�H�V���W�K�H���&�1�(�/���J�X�L�G�H�O�L�Q�H�V���I�R�U���O�D�Q�G���X�V�H���F�R�P�S�D�W�L�E�L�O�L�W�\�����Z�K�L�F�K���D�U�H��
�S�U�R�Y�L�G�H�G���L�Q���7�D�E�O�H�������������$�V���H�[�S�O�D�L�Q�H�G���L�Q���6�H�F�W�L�R�Q�����������������W�K�H�V�H���&�1�(�/���J�X�L�G�H�O�L�Q�H�V���I�R�U���V�S�H�F�L�I�L�F���O�D�Q�G��
�X�V�H�V���D�U�H���F�O�D�V�V�L�I�L�H�G���L�Q�W�R���I�R�X�U���F�D�W�H�J�R�U�L�H�V�� 

�x �³�Q�R�U�P�D�O�O�\���D�F�F�H�S�W�D�E�O�H���´ 
�x �³�F�R�Q�G�L�W�L�R�Q�D�O�O�\���D�F�F�H�S�W�D�E�O�H���´ 
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�x �³�Q�R�U�P�D�O�O�\���X�Q�D�F�F�H�S�W�D�E�O�H���´���D�Q�G 
�x �³�F�O�H�D�U�O�\���X�Q�D�F�F�H�S�W�D�E�O�H���´�� 

�1�H�Z���G�H�Y�H�O�R�S�P�H�Q�W���V�K�R�X�O�G���J�H�Q�H�U�D�O�O�\���E�H���G�L�V�F�R�X�U�D�J�H�G���Z�L�W�K�L�Q���W�K�H���³�Q�R�U�P�D�O�O�\���X�Q�D�F�F�H�S�W�D�E�O�H�´���R�U���³�F�O�H�D�U�O�\��
�X�Q�D�F�F�H�S�W�D�E�O�H�´���F�D�W�H�J�R�U�L�H�V�����+�R�Z�H�Y�H�U�����L�I���Q�H�Z���G�H�Y�H�O�R�S�P�H�Q�W���G�R�H�V���S�U�R�F�H�H�G�����D���G�H�W�D�L�O�H�G���D�Q�D�O�\�V�L�V���R�I���W�K�H��
�Q�R�L�V�H���U�H�G�X�F�W�L�R�Q�V���U�H�T�X�L�U�H�G���P�X�V�W���E�H���P�D�G�H���L�Q���R�U�G�H�U���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���Q�R�L�V�H���L�Q�V�X�O�D�W�L�R�Q���I�H�D�W�X�U�H�V���W�K�D�W��
�P�X�V�W���E�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���G�H�V�L�J�Q���� 

�7�D�E�O�H�����������&�L�W�\���R�I���/�R�V���$�Q�J�H�O�H�V���*�X�L�G�H�O�L�Q�H�V���I�R�U���1�R�L�V�H���&�R�P�S�D�W�L�E�O�H���/�D�Q�G���8�V�H 

�/�D�Q�G���8�V�H���&�D�W�H�J�R�U�\ 
�'�D�\���1�L�J�K�W���$�Y�H�U�D�J�H���(�[�W�H�U�L�R�U�� 
�6�R�X�Q�G���/�H�Y�H�O�����&�1�(�/���G�%�$�� 

����  ����  ����  ����  ����  ����  ����  

�5�H�V�L�G�H�Q�W�L�D�O���6�L�Q�J�O�H���)�D�P�L�O�\�����'�X�S�O�H�[�����0�R�E�L�O�H���+�R�P�H �$ �& �& �& �1 �8 �8 

�5�H�V�L�G�H�Q�W�L�D�O���0�X�O�W�L���)�D�P�L�O�\ �$ �$ �& �& �1 �8 �8 

�7�U�D�Q�V�L�H�Q�W���/�R�G�J�L�Q�J�����0�R�W�H�O�����+�R�W�H�O �$ �$ �& �& �1 �8 �8 

�6�F�K�R�R�O�����/�L�E�U�D�U�\�����&�K�X�U�F�K�����+�R�V�S�L�W�D�O�����1�X�U�V�L�Q�J���+�R�P�H �$ �$ �& �& �1 �1 �8 

�$�X�G�L�W�R�U�L�X�P�����&�R�Q�F�H�U�W���+�D�O�O�����$�P�S�K�L�W�K�H�D�W�H�U �& �& �& �&���1 �8 �8 �8 

�6�S�R�U�W���$�U�H�Q�D�����2�X�W�G�R�R�U���6�S�H�F�W�D�W�R�U���6�S�R�U�W�V �& �& �& �& �&���8 �8 �8 

�3�O�D�\�J�U�R�X�Q�G�����1�H�L�J�K�E�R�U�K�R�R�G���3�D�U�N �$ �$ �$ �$���1 �1 �1���8 �8 

�*�R�O�I���&�R�X�U�V�H�����5�L�G�L�Q�J���6�W�D�E�O�H�����:�D�W�H�U���5�H�F�U�H�D�W�L�R�Q�����&�H�P�H�W�H�U�\ �$ �$ �$ �$ �1 �$���1 �8 

�2�I�I�L�F�H���%�X�L�O�G�L�Q�J�����%�X�V�L�Q�H�V�V���&�R�P�P�H�U�F�L�D�O���3�U�R�I�H�V�V�L�R�Q�D�O �$ �$ �$ �$���& �& �&���1 �1 

�$�J�U�L�F�X�O�W�X�U�D�O�����,�Q�G�X�V�W�U�L�D�O�����0�D�Q�X�I�D�F�W�X�U�L�Q�J�����8�W�L�O�L�W�L�H�V �$ �$ �$ �$ �$���& �&���1 �1 

A = Normally acceptable. Specified land use is satisfactory, based upon assumption buildings involved are conventional 
construction, without any special noise insulation. 
C = Conditionally acceptable. New construction or development only after a detailed analysis of noise mitigation is made and 
needed noise insulation features are included in project design. Conventional construction, but with closed windows and fresh air 
supply systems or air conditioning will suffice. 
N = Normally unacceptable. New construction or development generally should be discouraged. A detailed analysis of noise 
reduction requirements must be made and noise insulation features included in the design of the project. 
U = Clearly unacceptable. New construction or development generally should not be undertaken. 
Source: Noise Element of the City of Los Angeles General Plan, 1999 

���� 

3.2 �9�L�E�U�D�W�L�R�Q 

3.2.1 �)�H�G�H�U�D�O 

�7�K�H���H�Y�D�O�X�D�W�L�R�Q���R�I���Y�L�E�U�D�W�L�R�Q���L�P�S�D�F�W�V���F�D�Q���E�H���G�L�Y�L�G�H�G���L�Q�W�R���W�Z�R���F�D�W�H�J�R�U�L�H�V�����K�X�P�D�Q���D�Q�Q�R�\�D�Q�F�H���D�Q�G��
�E�X�L�O�G�L�Q�J���G�D�P�D�J�H�����7�K�H���)�7�$���J�X�L�G�H�O�L�Q�H�V���S�U�R�Y�L�G�H���J�U�R�X�Q�G���E�R�U�Q�H���Q�R�L�V�H���D�Q�G���Y�L�E�U�D�W�L�R�Q���F�U�L�W�H�U�L�D���I�R�U��
�K�X�P�D�Q���D�Q�Q�R�\�D�Q�F�H�����*�U�R�X�Q�G���E�R�U�Q�H���Q�R�L�V�H���L�V���W�\�S�L�F�D�O�O�\���R�Q�O�\���D�V�V�H�V�V�H�G���D�W���O�R�F�D�W�L�R�Q�V���Z�L�W�K���V�X�E�Z�D�\���R�U��
�W�X�Q�Q�H�O���R�S�H�U�D�W�L�R�Q�V���Z�K�H�U�H���W�K�H�U�H���L�V���Q�R���D�L�U�E�R�U�Q�H���Q�R�L�V�H���S�D�W�K�����6�L�Q�F�H���W�K�H�U�H���D�U�H���Q�R���V�X�E�Z�D�\���R�U���W�X�Q�Q�H�O��
�R�S�H�U�D�W�L�R�Q�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���S�U�R�S�R�V�H�G���3�U�R�M�H�F�W�����J�U�R�X�Q�G���E�R�U�Q�H���Q�R�L�V�H���L�P�S�D�F�W�V���Z�H�U�H���Q�R�W��
�D�V�V�H�V�V�H�G�����7�K�H���)�7�$���J�X�L�G�H�O�L�Q�H�V���Y�L�E�U�D�W�L�R�Q���F�U�L�W�H�U�L�D���I�R�U���K�X�P�D�Q���D�Q�Q�R�\�D�Q�F�H���D�U�H���O�L�V�W�H�G���L�Q���7�D�E�O�H������������
�7�K�H�V�H���O�H�Y�H�O�V���U�H�S�U�H�V�H�Q�W���W�K�H���P�D�[�L�P�X�P���5�0�6���O�H�Y�H�O���R�I���D�Q���H�Y�H�Q�W�����,�Q���D�G�G�L�W�L�R�Q�����W�K�H���J�X�L�G�H�O�L�Q�H�V���S�U�R�Y�L�G�H��
�K�X�P�D�Q���D�Q�Q�R�\�D�Q�F�H���F�U�L�W�H�U�L�D���I�R�U���V�S�H�F�L�D�O���E�X�L�O�G�L�Q�J�V���W�K�D�W���D�U�H���Y�H�U�\���V�H�Q�V�L�W�L�Y�H���W�R���J�U�R�X�Q�G���E�R�U�Q�H���Y�L�E�U�D�W�L�R�Q��
�W�K�D�W���F�R�X�O�G���G�L�V�U�X�S�W���R�U���G�L�V�W�X�U�E���W�K�H�L�U���L�Q�W�H�Q�G�H�G���X�V�H�����7�K�H���K�X�P�D�Q���D�Q�Q�R�\�D�Q�F�H���Y�L�E�U�D�W�L�R�Q���L�P�S�D�F�W���F�U�L�W�H�U�L�D��
�I�R�U���W�K�H�V�H���V�S�H�F�L�D�O���E�X�L�O�G�L�Q�J�V�����G�H�I�L�Q�H�G���D�V���F�R�Q�F�H�U�W���K�D�O�O�V�����W�H�O�H�Y�L�V�L�R�Q���V�W�X�G�L�R�V�����U�H�F�R�U�G�L�Q�J���V�W�X�G�L�R�V����
�D�X�G�L�W�R�U�L�X�P�V�����D�Q�G���W�K�H�D�W�H�U�V�����D�U�H���V�K�R�Z�Q���L�Q���7�D�E�O�H������������ 

�%�R�W�K���7�D�E�O�H�����������D�Q�G���7�D�E�O�H�����������G�L�I�I�H�U�H�Q�W�L�D�W�H���K�X�P�D�Q���D�Q�Q�R�\�D�Q�F�H���Y�L�E�U�D�W�L�R�Q���L�P�S�D�F�W���W�K�U�H�V�K�R�O�G�V��
�G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���I�U�H�T�X�H�Q�F�\���R�I���G�D�L�O�\���Y�L�E�U�D�W�L�R�Q���H�Y�H�Q�W�V�����Z�L�W�K���I�H�Z�H�U���W�K�D�Q���������Y�L�E�U�D�W�L�R�Q���H�Y�H�Q�W�V���S�H�U���G�D�\��
�F�R�Q�V�L�G�H�U�H�G���³�L�Q�I�U�H�T�X�H�Q�W���´���E�H�W�Z�H�H�Q���������D�Q�G���������H�Y�H�Q�W�V���F�R�Q�V�L�G�H�U�H�G���³�R�F�F�D�V�L�R�Q�D�O���´���D�Q�G���P�R�U�H���W�K�D�Q��������
�H�Y�H�Q�W�V���F�R�Q�V�L�G�H�U�H�G���³�I�U�H�T�X�H�Q�W���´���7�K�H�V�H���G�L�Y�L�G�L�Q�J���O�L�Q�H�V���Z�H�U�H���R�U�L�J�L�Q�D�O�O�\���V�H�O�H�F�W�H�G���W�R���G�L�I�I�H�U�H�Q�W�L�D�W�H��
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�E�H�W�Z�H�H�Q���W�K�H���R�S�H�U�D�W�L�R�Q�D�O���L�P�S�D�F�W�V���R�I���I�U�H�L�J�K�W���U�D�L�O�����F�R�P�P�X�W�H�U���U�D�L�O���D�Q�G���O�L�J�K�W���U�D�L�O���W�U�D�Q�V�L�W���V�\�V�W�H�P�V�����7�K�H��
�)�7�$���F�U�L�W�H�U�L�D���I�R�U���³�I�U�H�T�X�H�Q�W���H�Y�H�Q�W�V�´���D�U�H���X�V�H�G���I�R�U���W�K�H���S�U�R�S�R�V�H�G���3�U�R�M�H�F�W���W�R���D�S�S�O�\���W�K�H���P�R�V�W��
�F�R�Q�V�H�U�Y�D�W�L�Y�H���W�K�U�H�V�K�R�O�G���� 

�7�D�E�O�H�����������)�7�$���*�U�R�X�Q�G���%�R�U�Q�H���9�L�E�U�D�W�L�R�Q���+�X�P�D�Q���$�Q�Q�R�\�D�Q�F�H���,�P�S�D�F�W���&�U�L�W�H�U�L�D 

Land Use Category  

Ground -Borne Vibration Impact Levels  
(VdB re 1 micro inch/second)  

Frequent Events 1 Occasional Events 2 Infrequent Events 3 

Category 1: Buildings where 
vibration would interfere with 
interior operations 

65 VdB4 65 VdB4 65 VdB4 

Category 2: Residences and 
buildings where people 
normally sleep 

72 VdB 75 VdB 80 VdB 

Category 3: Institutional land 
uses with primarily daytime 
use 

75 VdB 78 VdB 83 VdB 

Notes: 
1 �³�)�U�H�T�X�H�Q�W���H�Y�H�Q�W�V�´���D�U�H���G�H�I�L�Q�H�G���D�V���P�R�U�H���W�K�D�Q���������Y�L�E�U�D�W�L�R�Q���H�Y�H�Q�W�V���R�I���W�K�H���V�D�P�H���N�L�Q�G���S�H�U���G�D�\���� 
2 �³�2�F�F�D�V�L�R�Q�D�O���H�Y�H�Q�W�V�´���D�U�H���G�H�I�L�Q�H�G���D�V���E�H�W�Z�H�H�Q���������D�Q�G���������Y�L�E�U�D�W�L�R�Q���H�Y�H�Q�W�V���R�I���W�K�H���V�D�P�H���N�L�Q�G���S�H�U���G�D�\���� 
3 �³�,�Q�I�U�H�T�X�H�Q�W���H�Y�H�Q�W�V�´���D�U�H���G�H�I�L�Q�H�G���D�V���I�H�Z�H�U���W�K�D�Q���������Y�L�E�U�D�W�L�R�Q���H�Y�H�Q�W�V���R�I���W�K�H���V�D�P�H���N�L�Q�G���S�H�U���G�D�\���� 
4 This criterion limit is based on levels that are acceptable for most moderately sensitive equipment such as optical microscopes. Vibration-sensitive 
manufacturing or research would require detailed evaluation to define the acceptable vibration levels. Ensuring lower vibration levels in a building often requires 
special design of the heating, ventilation, and air conditioning systems and stiffened floors.  
VdB = root mean square vibration velocity level, decibels 
Source: FTA, 2018 

 
�7�D�E�O�H�����������)�7�$���*�U�R�X�Q�G���%�R�U�Q�H���9�L�E�U�D�W�L�R�Q���+�X�P�D�Q���$�Q�Q�R�\�D�Q�F�H���,�P�S�D�F�W���&�U�L�W�H�U�L�D���I�R�U���6�S�H�F�L�D�O��
�%�X�L�O�G�L�Q�J�V 

Type of Building or Room  

Ground -Borne Vibration Impact Levels  
(VdB re 1 micro inch/second)  

Frequent Events 1 Occasional or Infrequent Events 2 

Concert halls 65 VdB 65 VdB 

Television studios 65 VdB 65 VdB 

Recording studios 65 VdB 65 VdB 

Auditoriums 72 VdB 80 VdB 

Theaters 72 VdB 80 VdB 

Notes 
1 �³�)�U�H�T�X�H�Q�W���H�Y�H�Q�W�V�´���D�U�H���G�H�I�L�Q�H�G���D�V���P�R�U�H���W�K�D�Q���������Y�L�E�U�D�W�L�R�Q���H�Y�H�Q�W�V���R�I���W�K�H���V�D�P�H���N�L�Q�G���S�H�U���G�D�\���� 
2 �³�2�F�F�D�V�L�R�Q�D�O���R�U���L�Q�I�U�H�T�X�H�Q�W���H�Y�H�Q�W�V�´���D�U�H���G�H�I�L�Q�H�G���D�V���I�H�Z�H�U���W�K�D�Q���������Y�L�E�U�D�W�L�R�Q���H�Y�H�Q�W�V���R�I���W�K�H���V�D�P�H���N�L�Q�G���S�H�U���G�D�\���� 
VdB = root mean square vibration velocity level, decibels 
Source: FTA, 2018  

 

�,�Q���D�G�G�L�W�L�R�Q���W�R���K�X�P�D�Q���D�Q�Q�R�\�D�Q�F�H���L�P�S�D�F�W���F�U�L�W�H�U�L�D�����W�K�H���)�7�$���J�X�L�G�H�O�L�Q�H�V���S�U�R�Y�L�G�H���Y�L�E�U�D�W�L�R�Q���F�U�L�W�H�U�L�D���I�R�U��
�E�X�L�O�G�L�Q�J���G�D�P�D�J�H�����&�R�Q�V�W�U�X�F�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V���F�D�Q���U�H�V�X�O�W���L�Q���Y�D�U�\�L�Q�J���G�H�J�U�H�H�V���R�I���J�U�R�X�Q�G���Y�L�E�U�D�W�L�R�Q����
�G�H�S�H�Q�G�L�Q�J���R�Q���W�K�H���H�T�X�L�S�P�H�Q�W���D�Q�G���P�H�W�K�R�G���H�P�S�O�R�\�H�G�����7�K�H���Y�L�E�U�D�W�L�R�Q���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�\�S�L�F�D�O���W�U�D�Q�V�L�W��
�F�R�Q�V�W�U�X�F�W�L�R�Q���L�V���Q�R�W���O�L�N�H�O�\���W�R���F�D�X�V�H���P�D�M�R�U���V�W�U�X�F�W�X�U�D�O���G�D�P�D�J�H���W�R���E�X�L�O�G�L�Q�J���V�W�U�X�F�W�X�U�H�V�����E�X�W���L�W���F�R�X�O�G��
�F�D�X�V�H���V�O�L�J�K�W���D�U�F�K�L�W�H�F�W�X�U�D�O���G�D�P�D�J�H���D�W���W�K�H���K�L�J�K�H�V�W���O�H�Y�H�O�����)�7�$���0�D�Q�X�D�O�����������������&�R�Q�V�W�U�X�F�W�L�R�Q���Y�L�E�U�D�W�L�R�Q��
�L�P�S�D�F�W���R�Q���D���E�X�L�O�G�L�Q�J���L�V���J�H�Q�H�U�D�O�O�\���D�V�V�H�V�V�H�G���L�Q���W�H�U�P�V���R�I���3�3�9�����L�Q���L�Q�F�K�H�V���S�H�U���V�H�F�R�Q�G�������7�D�E�O�H����������
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�V�X�P�P�D�U�L�]�H�V���W�K�H���)�7�$���J�X�L�G�H�O�L�Q�H�V�¶���F�R�Q�V�W�U�X�F�W�L�R�Q���Y�L�E�U�D�W�L�R�Q���F�U�L�W�H�U�L�D���I�R�U���W�K�H���D�Q�D�O�\�V�L�V���R�I���S�R�W�H�Q�W�L�D�O��
�E�X�L�O�G�L�Q�J���G�D�P�D�J�H�� 

�7�D�E�O�H�����������)�7�$���&�R�Q�V�W�U�X�F�W�L�R�Q���9�L�E�U�D�W�L�R�Q���%�X�L�O�G�L�Q�J���3�R�W�H�Q�W�L�D�O���'�D�P�D�J�H���&�U�L�W�H�U�L�D 

Building Category  PPV (inches per second)  Approximate L v
1 

I. Reinforced-concrete, steel or timber (no plaster) 0.50 102 VdB 

II. Engineered concrete and masonry (no plaster) 0.30 98 VdB 

III. Non-engineered timber and masonry buildings 0.20 94 VdB 

IV. Buildings extremely susceptible to vibration 
damage 

0.12 90 VdB 

Notes: 
1 VdB re 1 micro-inch per second  
Lv = velocity level, decibels 
PPV = peak particle velocity 
VdB = root mean square vibration  
Source: FTA, 2018 

3.2.2 �6�W�D�W�H 

�7�K�H���&�D�O�L�I�R�U�Q�L�D���'�H�S�D�U�W�P�H�Q�W���R�I���7�U�D�Q�V�S�R�U�W�D�W�L�R�Q�����&�D�O�W�U�D�Q�V�����K�D�V���S�X�E�O�L�V�K�H�G���D���7�U�D�Q�V�S�R�U�W�D�W�L�R�Q���D�Q�G��
�9�L�E�U�D�W�L�R�Q���*�X�L�G�D�Q�F�H���0�D�Q�X�D�O������������ ���W�K�D�W���L�Q�F�O�X�G�H���J�X�L�G�H�O�L�Q�H�V���I�R�U���E�X�L�O�G�L�Q�J���G�D�P�D�J�H���D�Q�G���K�X�P�D�Q��
�U�H�V�S�R�Q�V�H���W�R���Y�L�E�U�D�W�L�R�Q�����7�K�H���&�D�O�W�U�D�Q�V���J�X�L�G�D�Q�F�H���U�H�J�D�U�G�L�Q�J���Y�L�E�U�D�W�L�R�Q���G�D�P�D�J�H���W�K�U�H�V�K�R�O�G�V���L�V���O�D�U�J�H�O�\��
�F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�H���V�W�D�Q�G�D�U�G�V���D�Q�G���W�H�F�K�Q�L�T�X�H�V���S�U�H�V�H�Q�W�H�G���L�Q���W�K�H���)�7�$���1�R�L�V�H���D�Q�G���9�L�E�U�D�W�L�R�Q���,�P�S�D�F�W��
�$�V�V�H�V�V�P�H�Q�W���P�D�Q�X�D�O�����D�V���G�L�V�F�X�V�V�H�G���D�E�R�Y�H���� 

3.2.3 �/�R�F�D�O 

�7�K�H���&�L�W�\���R�I���/�R�V���$�Q�J�H�O�H�V���F�X�U�U�H�Q�W�O�\���G�R�H�V���Q�R�W���K�D�Y�H���D�Q�\���D�G�R�S�W�H�G���V�W�D�Q�G�D�U�G�V�����J�X�L�G�D�Q�F�H���R�U���W�K�U�H�V�K�R�O�G�V��
�U�H�O�D�W�L�Y�H���W�R���J�U�R�X�Q�G���E�R�U�Q�H���Y�L�E�U�D�W�L�R�Q�����7�K�H�U�H�I�R�U�H�����D�Y�D�L�O�D�E�O�H���J�X�L�G�D�Q�F�H���I�U�R�P���W�K�H���)�7�$���L�V���X�W�L�O�L�]�H�G���W�R��
�D�V�V�H�V�V���L�P�S�D�F�W�V���G�X�H���W�R���J�U�R�X�Q�G���E�R�U�Q�H���Y�L�E�U�D�W�L�R�Q���I�R�U���S�U�R�M�H�F�W���F�R�Q�V�W�U�X�F�W�L�R�Q���D�Q�G���R�S�H�U�D�W�L�R�Q�� 
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4. �(�[�L�V�W�L�Q�J���&�R�Q�G�L�W�L�R�Q�V

�$���Q�R�L�V�H���V�X�U�Y�H�\���Z�D�V���F�R�Q�G�X�F�W�H�G���W�R���H�V�W�D�E�O�L�V�K���H�[�L�V�W�L�Q�J���Q�R�L�V�H���F�R�Q�G�L�W�L�R�Q�V���L�Q���D���Y�D�U�L�H�W�\���R�I���O�R�F�D�W�L�R�Q�V��
�W�K�U�R�X�J�K�R�X�W���W�K�H���3�U�R�M�H�F�W���D�U�H�D�����I�R�F�X�V�L�Q�J���R�Q���D�U�H�D�V���R�I���H�[�L�V�W�L�Q�J���R�U���I�X�W�X�U�H���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���U�H�F�H�S�W�R�U�V����
�L�Q�F�O�X�G�L�Q�J���V�L�Q�J�O�H���I�D�P�L�O�\���U�H�V�L�G�H�Q�W�L�D�O�����6�)�5�����D�U�H�D�V�����P�X�O�W�L���I�D�P�L�O�\���U�H�V�L�G�H�Q�W�L�D�O�����0�)�5�����D�U�H�D�V�����S�D�U�N�V����
�V�F�K�R�R�O�V�����D�Q�G���R�W�K�H�U���R�X�W�G�R�R�U���D�U�H�D�V���R�I���I�U�H�T�X�H�Q�W���K�X�P�D�Q���X�V�H��

4.1 �1�R�L�V�H���6�X�U�Y�H�\���3�U�R�J�U�D�P
�7�K�H���H�[�L�V�W�L�Q�J���F�R�Q�G�L�W�L�R�Q���Q�R�L�V�H���V�X�U�Y�H�\���L�Q�F�O�X�G�H�G���D���F�R�P�E�L�Q�D�W�L�R�Q���R�I���V�K�R�U�W���W�H�U�P�����D�S�S�U�R�[�L�P�D�W�H�O�\��������
�P�L�Q�X�W�H�V�����D�Q�G���O�R�Q�J���W�H�U�P�����������K�R�X�U�����P�H�D�V�X�U�H�P�H�Q�W�V���D�W���D���W�R�W�D�O���R�I���������O�R�F�D�W�L�R�Q�V�����0�R�V�W���P�H�D�V�X�U�H�P�H�Q�W�V��
�Z�H�U�H���F�R�Q�G�X�F�W�H�G���E�H�W�Z�H�H�Q���-�X�Q�H���������D�Q�G���-�X�Q�H�����������������������P�H�D�V�X�U�H�P�H�Q�W�V���I�R�U���D�Q���D�G�G�L�W�L�R�Q�D�O���O�R�F�D�W�L�R�Q��
�Z�H�U�H���F�R�Q�G�X�F�W�H�G���R�Q���0�D�\�����������������������7�K�H���Q�R�L�V�H���P�H�D�V�X�U�H�P�H�Q�W�V���Z�H�U�H���J�H�Q�H�U�D�O�O�\���F�R�Q�G�X�F�W�H�G���D�W���W�K�H��
�V�L�W�H�V���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���R�I���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���U�H�F�H�S�W�R�U�V���D�O�R�Q�J���W�K�H���S�U�R�S�R�V�H�G���3�U�R�M�H�F�W���D�O�L�J�Q�P�H�Q�W�����I�U�R�P��
�/�$�8�6���W�R���'�R�G�J�H�U���6�W�D�G�L�X�P�����7�K�H�V�H���L�Q�F�O�X�G�H�G���L�G�H�Q�W�L�I�L�H�G���O�R�F�D�W�L�R�Q�V���R�I���H�[�L�V�W�L�Q�J���D�Q�G���I�X�W�X�U�H���U�H�V�L�G�H�Q�W�L�D�O��
�G�H�Y�H�O�R�S�P�H�Q�W�V�����V�F�K�R�R�O�V�����S�D�U�N�V�����D�Q�G���R�W�K�H�U���D�U�H�D�V���Z�L�W�K���I�U�H�T�X�H�Q�W���R�X�W�G�R�R�U���K�X�P�D�Q���X�V�H�����6�H�H���$�S�S�H�Q�G�L�[��
�$���I�R�U���Q�R�L�V�H���P�H�D�V�X�U�H�P�H�Q�W���S�U�R�F�H�G�X�U�H�V�����P�H�D�V�X�U�H�P�H�Q�W���G�H�W�D�L�O�����S�K�R�W�R�V�����D�Q�G���L�Q�V�W�U�X�P�H�Q�W���F�D�O�L�E�U�D�W�L�R�Q��
�F�H�U�W�L�I�L�F�D�W�H�V��

4.1.1 �0�H�D�V�X�U�H�P�H�Q�W���/�R�F�D�W�L�R�Q�V

�7�K�H���������P�H�D�V�X�U�H�P�H�Q�W���O�R�F�D�W�L�R�Q�V���D�U�H���V�K�R�Z�Q���L�Q���)�L�J�X�U�H�������������7�D�E�O�H�����������S�U�R�Y�L�G�H�V���G�H�V�F�U�L�S�W�L�R�Q�V���I�R�U��
�H�D�F�K���R�I���W�K�H���������P�H�D�V�X�U�H�P�H�Q�W���O�R�F�D�W�L�R�Q�V�����L�Q�F�O�X�G�L�Q�J���D�G�G�U�H�V�V�H�V�����F�U�R�V�V���V�W�U�H�H�W�V�����D�Q�G���R�U���W�K�H���Q�D�P�H�V���R�I��
�W�K�H���P�H�D�V�X�U�H�P�H�Q�W���O�R�F�D�W�L�R�Q�����V�L�W�H���,�'�����Z�K�L�F�K���F�R�U�U�H�V�S�R�Q�G�V���W�R���W�K�H���P�H�D�V�X�U�H�P�H�Q�W���O�R�F�D�W�L�R�Q���V�K�R�Z�Q���L�Q��
Figure 4-1�����D�Q�G���O�D�Q�G���X�V�H���G�H�V�F�U�L�S�W�L�R�Q��
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�)�L�J�X�U�H�����������0�H�D�V�X�U�H�P�H�Q�W���/�R�F�D�W�L�R�Q�V 
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�7�D�E�O�H�����������0�H�D�V�X�U�H�P�H�Q�W���/�R�F�D�W�L�R�Q���'�H�V�F�U�L�S�W�L�R�Q�V 

�6�L�W�H���,�' �/�R�F�D�W�L�R�Q���'�H�V�F�U�L�S�W�L�R�Q �&�X�U�U�H�Q�W���/�D�Q�G���8�V�H �)�7�$���/�D�Q�G���8�V�H���&�D�W�H�J�R�U�\ 

�0�/������  �/�$�8�6���(�Q�W�U�D�Q�F�H���3�O�D�]�D �3�X�E�O�L�F���3�O�D�]�D�����'�D�\�W�L�P�H���8�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�0�/������  �)�D�W�K�H�U���6�H�U�U�D���3�D�U�N �3�X�E�O�L�F���3�O�D�]�D�����'�D�\�W�L�P�H���8�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�0�/������  �0�R�]�D�L�F���$�S�D�U�W�P�H�Q�W�V �0�X�O�W�L���)�D�P�L�O�\���5�H�V�L�G�H�Q�F�H�����������K�R�X�U�� �&�D�W�H�J�R�U�\�����������5�H�V�L�G�H�Q�W�L�D�O 

�0�/������  �7�K�H���&�D�O�L�I�R�U�Q�L�D���(�Q�G�R�Z�P�H�Q�W �%�X�V�L�Q�H�V�V�����'�D�\�W�L�P�H���8�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�0�/������  �$�O�D�P�H�G�D���6�W�U�H�H�W���D�Q�G���$�O�S�L�Q�H��
�6�W�U�H�H�W 

�3�D�U�N�L�Q�J���/�R�W�����'�D�\�W�L�P�H���8�V�H�������3�R�V�V�L�E�O�H��
�)�X�W�X�U�H���5�H�V�L�G�H�Q�W�L�D�O 

�&�D�W�H�J�R�U�\�����������5�H�V�L�G�H�Q�W�L�D�O 

�0�/������  �&�K�L�Q�D�W�R�Z�Q���6�H�Q�L�R�U���/�R�I�W�V �0�X�O�W�L���)�D�P�L�O�\���5�H�V�L�G�H�Q�F�H�����������K�R�X�U�� �&�D�W�H�J�R�U�\�����������5�H�V�L�G�H�Q�W�L�D�O 

�0�/������  �8�Q�G�H�U���&�K�L�Q�D�W�R�Z�Q���6�W�D�W�L�R�Q �3�X�E�O�L�F���3�O�D�]�D�����'�D�\�W�L�P�H���8�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�0�/������  �&�R�O�O�H�J�H���6�W�U�H�H�W���D�Q�G���$�O�D�P�H�G�D��
�6�W�U�H�H�W 

�6�F�K�R�R�O���%�X�V���3�D�U�N�L�Q�J���/�R�W�����'�D�\�W�L�P�H��
�8�V�H�������3�R�V�V�L�E�O�H���)�X�W�X�U�H���5�H�V�L�G�H�Q�W�L�D�O 

�&�D�W�H�J�R�U�\�����������5�H�V�L�G�H�Q�W�L�D�O 

�0�/������  �%�O�R�V�V�R�P���$�S�D�U�W�P�H�Q�W�V���6�L�G�H�Z�D�O�N �0�X�O�W�L���)�D�P�L�O�\���5�H�V�L�G�H�Q�F�H�����������K�R�X�U�� �&�D�W�H�J�R�U�\�����������5�H�V�L�G�H�Q�W�L�D�O 

�0�/������  �%�O�R�V�V�R�P���$�S�D�U�W�P�H�Q�W�V���8�S�S�H�U��
�3�O�D�]�D 

�0�X�O�W�L���)�D�P�L�O�\���5�H�V�L�G�H�Q�F�H�����������K�R�X�U�� �&�D�W�H�J�R�U�\�����������5�H�V�L�G�H�Q�W�L�D�O 

�0�/������  �&�R�O�O�H�J�H���6�W�D�W�L�R�Q���'�H�Y�H�O�R�S�P�H�Q�W �3�D�U�N�L�Q�J���/�R�W�����'�D�\�W�L�P�H���8�V�H�������)�X�W�X�U�H��
�5�H�V�L�G�H�Q�W�L�D�O���'�H�Y�H�O�R�S�P�H�Q�W�� 

�&�D�W�H�J�R�U�\�����������5�H�V�L�G�H�Q�W�L�D�O 

�0�/������  �3�D�U�N�L�Q�J���X�Q�G�H�U���/���/�L�Q�H�����*�R�O�G����
�W�U�D�F�N�V 

�3�D�U�N�L�Q�J���/�R�W�����'�D�\�W�L�P�H���8�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�0�/������  �/�R�V���$�Q�J�H�O�H�V���6�W�D�W�H���+�L�V�W�R�U�L�F��
�3�D�U�N 

�3�X�E�O�L�F���3�D�U�N�����'�D�\�W�L�P�H���8�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�0�/������  �/�R�V���$�Q�J�H�O�H�V���6�W�D�W�H���+�L�V�W�R�U�L�F��
�3�D�U�N 

�3�X�E�O�L�F���3�D�U�N�����'�D�\�W�L�P�H���8�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�0�/������  �%�U�R�D�G�Z�D�\���D�Q�G���%�H�U�Q�D�U�G���6�W�U�H�H�W �5�H�W�D�L�O�����'�D�\�W�L�P�H���8�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�0�/������  �/�R�V���$�Q�J�H�O�H�V���6�W�D�W�H���+�L�V�W�R�U�L�F��
�3�D�U�N 

�3�X�E�O�L�F���3�D�U�N�����'�D�\�W�L�P�H���8�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�0�/������  �/�R�V���$�Q�J�H�O�H�V���6�W�D�W�H���+�L�V�W�R�U�L�F��
�3�D�U�N 

�3�X�E�O�L�F���3�D�U�N�����'�D�\�W�L�P�H���8�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�0�/������  �%�L�V�K�R�S�V���5�R�D�G���D�Q�G���%�U�R�D�G�Z�D�\ �6�F�K�R�R�O�����'�D�\�W�L�P�H���8�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�0�/������  �&�D�W�K�H�G�U�D�O���+�L�J�K���6�F�K�R�R�O �6�F�K�R�R�O�����'�D�\�W�L�P�H���8�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�0�/������  ���������6�D�Y�R�\���6�W�U�H�H�W �6�L�Q�J�O�H���5�H�V�L�G�H�Q�F�H�����������K�R�X�U�� �&�D�W�H�J�R�U�\�����������5�H�V�L�G�H�Q�W�L�D�O 

�0�/������  �6�R�O�D�Q�R���&�D�Q�\�R�Q �5�H�V�L�G�H�Q�W�L�D�O�����������K�R�X�U�� �&�D�W�H�J�R�U�\�����������5�H�V�L�G�H�Q�W�L�D�O 

�0�/������  �(�O�\�V�L�D�Q���3�D�U�N���5�H�F�U�H�D�W�L�R�Q��
�&�H�Q�W�H�U 

�3�X�E�O�L�F���3�D�U�N�����'�D�\�W�L�P�H���X�V�H�� �&�D�W�H�J�R�U�\�����������,�Q�V�W�L�W�X�W�L�R�Q�D�O 

�1�R�W�H�����1�R�W���D�O�O���W�K�H���P�H�D�V�X�U�H�P�H�Q�W���O�R�F�D�W�L�R�Q�V���L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�L�V���W�D�E�O�H���Z�H�U�H���H�Y�H�Q�W�X�D�O�O�\���X�V�H�G���W�R���U�H�S�U�H�V�H�Q�W���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H��
�U�H�F�H�S�W�R�U�V�����D�V���L�G�H�Q�W�L�I�L�H�G���L�Q���6�H�F�W�L�R�Q�������������6�R�P�H���R�I���W�K�H�V�H���Z�H�U�H���X�V�H�G���D�V���D�O�W�H�U�Q�D�W�L�Y�H���P�H�D�V�X�U�H�P�H�Q�W���O�R�F�D�W�L�R�Q�V�����E�X�W���Q�R�W��
�U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���R�I���D�G�G�L�W�L�R�Q�D�O���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���O�D�Q�G���X�V�H�V���� 
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4.1.2 �(�[�L�V�W�L�Q�J���1�R�L�V�H���&�R�Q�G�L�W�L�R�Q�V 

�7�D�E�O�H�����������S�U�R�Y�L�G�H�V���D���V�X�P�P�D�U�\���R�I���W�K�H���H�[�L�V�W�L�Q�J���F�R�Q�G�L�W�L�R�Q�V���L�Q���W�K�H���3�U�R�M�H�F�W���D�U�H�D�����U�H�S�R�U�W�L�Q�J���I�R�U���H�D�F�K��
�P�H�D�V�X�U�H�P�H�Q�W�����V�L�W�H���,�'�����O�R�F�D�W�L�R�Q�����W�L�P�H���S�H�U�L�R�G�����/�H�T���G�D�\�������/�H�T���Q�L�J�K�W�������/�G�Q�����D�Q�G���&�1�(�/�����6�K�R�U�W���W�H�U�P���G�D�W�D���I�R�U��
�P�X�O�W�L���K�R�X�U���Q�R�L�V�H���G�H�V�F�U�L�S�W�R�U�V���Z�H�U�H���G�H�U�L�Y�H�G���I�U�R�P���W�K�H���G�L�I�I�H�U�H�Q�F�H���L�Q���/�H�T���E�H�W�Z�H�H�Q���W�K�H���V�K�R�U�W���W�H�U�P��
�P�H�D�V�X�U�H�P�H�Q�W���L�Q���T�X�H�V�W�L�R�Q���D�Q�G���W�K�H���F�O�R�V�H�V�W���O�R�Q�J���W�H�U�P���P�H�D�V�X�U�H�P�H�Q�W���D�W���W�K�H���V�D�P�H���W�L�P�H�����)�R�U���P�R�U�H��
�G�H�W�D�L�O�V�����V�H�H���$�S�S�H�Q�G�L�[���$������  
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�7�D�E�O�H�����������(�[�L�V�W�L�Q�J���$�P�E�L�H�Q�W���1�R�L�V�H���/�H�Y�H�O���6�X�P�P�D�U�\�����G�%�$�� 

�6�L�W�H���,�' �/�R�F�D�W�L�R�Q���'�H�V�F�U�L�S�W�L�R�Q �/ �H�T���G�D�\�� �/ �H�T���Q�L�J�K�W�� �/ �G�Q �&�1�(�/ 

�0�/������  �/�$�8�6���(�Q�W�U�D�Q�F�H���3�O�D�]�D �������� �������� �������� �������� 

�0�/������  �)�D�W�K�H�U���6�H�U�U�D���3�D�U�N �������� �������� �������� �������� 

�0�/������  �0�R�]�D�L�F���$�S�D�U�W�P�H�Q�W�V �������� �������� �������� �������� 

�0�/������  �7�K�H���&�D�O�L�I�R�U�Q�L�D���(�Q�G�R�Z�P�H�Q�W �������� �������� �������� ����  

�0�/������  �$�O�D�P�H�G�D���6�W�U�H�H�W���D�Q�G���$�O�S�L�Q�H���6�W�U�H�H�W �������� �������� �������� �������� 

�0�/������  �&�K�L�Q�D�W�R�Z�Q���6�H�Q�L�R�U���/�R�I�W�V �������� �������� �������� �������� 

�0�/������ � �8�Q�G�H�U���&�K�L�Q�D�W�R�Z�Q���6�W�D�W�L�R�Q �������� �������� �������� �������� 

�0�/������  �&�R�O�O�H�J�H���6�W�U�H�H�W���D�Q�G���$�O�D�P�H�G�D���6�W�U�H�H�W �������� �������� �������� �������� 

�0�/������  �%�O�R�V�V�R�P���$�S�D�U�W�P�H�Q�W�V���6�L�G�H�Z�D�O�N �������� �������� �������� �������� 

�0�/������  �%�O�R�V�V�R�P���$�S�D�U�W�P�H�Q�W�V���8�S�S�H�U���3�O�D�]�D �������� �������� �������� �������� 

�0�/������  �&�R�O�O�H�J�H���6�W�D�W�L�R�Q���'�H�Y�H�O�R�S�P�H�Q�W �������� �������� �������� �������� 

�0�/������  �3�D�U�N�L�Q�J���X�Q�G�H�U���/���/�L�Q�H�����*�R�O�G�����W�U�D�F�N�V �������� �������� �������� �������� 

�0�/������  �/�R�V���$�Q�J�H�O�H�V���6�W�D�W�H���+�L�V�W�R�U�L�F���3�D�U�N �������� �������� �������� �������� 

�0�/������  �/�R�V���$�Q�J�H�O�H�V���6�W�D�W�H���+�L�V�W�R�U�L�F���3�D�U�N �������� �������� �������� �������� 

�0�/������  �%�U�R�D�G�Z�D�\���D�Q�G���%�H�U�Q�D�U�G���6�W�U�H�H�W �������� �������� �������� �������� 

�0�/������  �/�R�V���$�Q�J�H�O�H�V���6�W�D�W�H���+�L�V�W�R�U�L�F���3�D�U�N �������� �������� �������� �������� 

�0�/������  �/�R�V���$�Q�J�H�O�H�V���6�W�D�W�H���+�L�V�W�R�U�L�F���3�D�U�N �������� �������� �������� �������� 

�0�/������  �%�L�V�K�R�S�V���5�R�D�G���D�Q�G���%�U�R�D�G�Z�D�\ �������� �������� �������� �������� 

�0�/������  �&�D�W�K�H�G�U�D�O���+�L�J�K���6�F�K�R�R�O �������� �������� �������� �������� 

�0�/������ � ���������6�D�Y�R�\���6�W�U�H�H�W �������� �������� �������� �������� 

�0�/������  �6�R�O�D�Q�R���&�D�Q�\�R�Q �������� �������� �������� �������� 

�0�/�������� �(�O�\�V�L�D�Q���3�D�U�N���5�H�F�U�H�D�W�L�R�Q���&�H�Q�W�H�U�����G�D�\���X�V�H���R�Q�O�\�� �������� ���� ���� ���� 

�1�R�W�H�V�����0�H�D�V�X�U�H�P�H�Q�W���U�H�V�X�O�W�V���D�U�H���E�D�V�H�G���R�Q���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���V�K�R�U�W���W�H�U�P���Q�R�L�V�H���P�H�D�V�X�U�H�P�H�Q�W�V�����W�\�S�L�F�D�O�O�\���������������P�L�Q�X�W�H�V��
�D�Q�G���H�[�W�U�D�S�R�O�D�W�H�G���X�V�L�Q�J���O�R�Q�J���W�H�U�P���P�H�D�V�X�U�H�P�H�Q�W���U�H�I�H�U�H�Q�F�H�V���W�R���U�H�S�U�H�V�H�Q�W���L�Q�G�L�F�D�W�H�G���W�L�P�H���S�H�U�L�R�G�V���� 
����0�H�D�V�X�U�H�P�H�Q�W���O�R�F�D�W�L�R�Q�V���0�/���������D�Q�G���0�/���������Z�H�U�H���O�R�Q�J���W�H�U�P���������K�R�X�U���Q�R�L�V�H���P�H�D�V�X�U�H�P�H�Q�W�V�� 
���0�H�D�V�X�U�H�P�H�Q�W���O�R�F�D�W�L�R�Q���0�/�����������Z�D�V���D�W���D���U�H�P�R�W�H���G�D�\�W�L�P�H���X�V�H���R�Q�O�\���O�R�F�D�W�L�R�Q�����S�X�E�O�L�F���S�D�U�N�����V�R���R�Q�O�\���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H��
�G�D�\�W�L�P�H���Q�R�L�V�H���P�H�D�V�X�U�H�P�H�Q�W�V���Z�H�U�H���F�R�O�O�H�F�W�H�G���D�W���W�K�D�W���O�R�F�D�W�L�R�Q�� 

 
�&�R�Q�W�L�Q�X�R�X�V���������K�R�X�U���Q�R�L�V�H���O�H�Y�H�O�V���Z�H�U�H���P�H�D�V�X�U�H�G���D�W���W�Z�R���O�R�F�D�W�L�R�Q�V���±���0�/�����������U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���R�I��
�D�U�H�D�V���D�G�M�D�F�H�Q�W���W�R���E�X�V�\���U�R�D�G�Z�D�\�V�����V�X�F�K���D�V���$�O�D�P�H�G�D���6�W�U�H�H�W�����D�Q�G���0�/�����������U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���R�I��
�O�R�F�D�W�L�R�Q�V���I�X�U�W�K�H�U���I�U�R�P���E�X�V�\���V�W�U�H�H�W�V�������D�W���W�K�H���U�H�P�D�L�Q�G�H�U���R�I���O�R�F�D�W�L�R�Q�V�����V�K�R�U�W���W�H�U�P���Q�R�L�V�H���O�H�Y�H�O�V���Z�H�U�H��
�W�D�N�H�Q�����/�R�Q�J�H�U���G�X�U�D�W�L�R�Q���Q�R�L�V�H���P�H�W�U�L�F�V���I�R�U���V�K�R�U�W���W�H�U�P���O�R�F�D�W�L�R�Q�V�����/�G�D�\�����/�Q�L�J�K�W�����/�G�Q���D�Q�G���&�1�(�/�����Z�H�U�H��
�F�D�O�F�X�O�D�W�H�G���E�\���F�R�P�S�D�U�L�Q�J���W�K�H���V�K�R�U�W���W�H�U�P���Q�R�L�V�H���P�H�D�V�X�U�H�P�H�Q�W���D�Q�G���W�K�H���D�S�S�U�R�S�U�L�D�W�H���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H��
�O�R�Q�J���W�H�U�P���Q�R�L�V�H���P�H�D�V�X�U�H�P�H�Q�W���O�R�F�D�W�L�R�Q�����0�R�U�H���V�S�H�F�L�I�L�F�D�O�O�\�����W�K�H���G�L�I�I�H�U�H�Q�F�H���L�Q���P�R�Q�L�W�R�U�H�G���V�R�X�Q�G��
�O�H�Y�H�O�V���D�W���W�K�H���V�D�P�H���W�L�P�H�V���R�I���G�D�\���E�H�W�Z�H�H�Q���D���V�K�R�U�W���W�H�U�P���P�H�D�V�X�U�H�P�H�Q�W���D�Q�G���W�K�H���D�S�S�U�R�S�U�L�D�W�H���O�R�Q�J��
�W�H�U�P���P�H�D�V�X�U�H�P�H�Q�W���Z�H�U�H���X�V�H�G���W�R���G�H�Y�H�O�R�S���O�R�Q�J���W�H�U�P���Y�D�O�X�H�V���I�R�U���W�K�H���O�R�F�D�W�L�R�Q�V���Z�K�H�U�H���V�K�R�U�W���W�H�U�P��
�Q�R�L�V�H���O�H�Y�H�O�V���Z�H�U�H���W�D�N�H�Q�����7�K�H�V�H���Y�D�O�X�H�V���Z�H�U�H���W�K�H�Q���X�V�H�G���W�R���G�H�W�H�U�P�L�Q�H���W�K�H���/�G�D�\�����/�Q�L�J�K�W�����/�G�Q���D�Q�G���&�1�(�/��
�Y�D�O�X�H�V���D�W���W�K�H���V�K�R�U�W���W�H�U�P���P�R�Q�L�W�R�U�L�Q�J���O�R�F�D�W�L�R�Q�V�����7�K�L�V���L�V���D�Q���D�F�R�X�V�W�L�F�D�O���V�W�D�Q�G�D�U�G���P�H�W�K�R�G���I�R�U��
�G�H�W�H�U�P�L�Q�L�Q�J���/�G�D�\�����/�Q�L�J�K�W�����/�G�Q���D�Q�G���&�1�(�/���Y�D�O�X�H�V�� 
 
�1�R�W�H���W�K�D�W�����G�X�U�L�Q�J���W�K�H���W�L�P�H���Z�K�H�Q���W�K�H���Q�R�L�V�H���P�H�D�V�X�U�H�P�H�Q�W�V���Z�H�U�H���F�R�Q�G�X�F�W�H�G���I�R�U���W�K�L�V���D�Q�D�O�\�V�L�V�����-�X�Q�H��
�R�I�������������I�R�U���D�O�O���P�H�D�V�X�U�H�P�H�Q�W�V���H�[�F�H�S�W���0�/������ �����Z�K�L�F�K���Z�D�V���F�R�Q�G�X�F�W�H�G���R�Q���0�D�\������ �������������������O�R�F�D�O���W�U�D�I�I�L�F��
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�Y�R�O�X�P�H�V���Z�H�U�H���D�Q�W�L�F�L�S�D�W�H�G���W�R���E�H���V�R�P�H�Z�K�D�W���O�R�Z�H�U���W�K�D�Q���Q�R�U�P�D�O���G�X�H���W�R���&�2�9�,�'���������3�D�Q�G�H�P�L�F��
�U�H�V�W�U�L�F�W�L�R�Q�V�����:�K�L�O�H���Q�R���F�R�P�S�D�U�D�W�L�Y�H���W�U�D�I�I�L�F���G�D�W�D���Z�D�V���D�Y�D�L�O�D�E�O�H���W�R���F�R�Q�I�L�U�P���W�K�L�V���R�E�V�H�U�Y�D�W�L�R�Q�����D�Q��
�L�Q�I�R�U�P�D�O���F�R�P�S�D�U�L�V�R�Q���R�I���P�H�D�V�X�U�H�G���Q�R�L�V�H���O�H�Y�H�O�V���W�R���S�U�H�Y�L�R�X�V�O�\���P�H�D�V�X�U�H�G���Q�R�L�V�H���O�H�Y�H�O�V���I�R�U���R�W�K�H�U��
�W�H�F�K�Q�L�F�D�O���V�W�X�G�L�H�V���L�Q���V�L�P�L�O�D�U���O�R�F�D�W�L�R�Q�V���G�X�U�L�Q�J���S�U�H���&�2�9�,�'���F�R�Q�G�L�W�L�R�Q�V���V�K�R�Z���W�K�D�W���W�K�H���S�U�H�Y�L�R�X�V�O�\��
�P�H�D�V�X�U�H�G���Q�R�L�V�H���O�H�Y�H�O�V���Z�H�U�H���X�S���W�R�������G�%�$���K�L�J�K�H�U�����:�K�L�O�H���Q�R���F�R�U�U�H�F�W�L�R�Q���Z�D�V���D�S�S�O�L�H�G���W�R���W�K�H��
�P�H�D�V�X�U�H�G���G�D�W�D���L�Q���W�K�L�V���U�H�S�R�U�W�����W�K�H���U�H�S�R�U�W���U�H�V�X�O�W�V���L�Q���D���F�R�Q�V�H�U�Y�D�W�L�Y�H���Q�R�L�V�H���L�P�S�D�F�W���D�V�V�H�V�V�P�H�Q�W��
�E�H�F�D�X�V�H���W�K�H���P�H�D�V�X�U�H�G���Q�R�L�V�H���O�H�Y�H�O�V���Z�H�U�H���D�W���O�H�D�V�W���V�R�P�H�Z�K�D�W���O�R�Z�H�U���W�K�D�Q���W�\�S�L�F�D�O���F�R�Q�G�L�W�L�R�Q�V���� 

4.2 �(�[�L�V�W�L�Q�J���9�L�E�U�D�W�L�R�Q���&�R�Q�G�L�W�L�R�Q�V 
�8�Q�O�L�N�H���H�[�L�V�W�L�Q�J���D�P�E�L�H�Q�W���Q�R�L�V�H���F�R�Q�G�L�W�L�R�Q�V�����H�[�L�V�W�L�Q�J���Y�L�E�U�D�W�L�R�Q���O�H�Y�H�O�V���D�U�H���Q�R�W���W�\�S�L�F�D�O�O�\���F�R�Q�V�L�G�H�U�H�G���L�Q��
�W�K�H���D�V�V�H�V�V�P�H�Q�W���R�I���S�U�R�M�H�F�W���Y�L�E�U�D�W�L�R�Q���L�P�S�D�F�W�V�����V�R���H�[�L�V�W�L�Q�J���Y�L�E�U�D�W�L�R�Q���O�H�Y�H�O�V���Z�H�U�H���Q�R�W���P�H�D�V�X�U�H�G���I�R�U��
�W�K�L�V���S�U�R�M�H�F�W�����+�R�Z�H�Y�H�U�����I�R�U���W�K�H���L�G�H�Q�W�L�I�L�H�G���3�U�R�M�H�F�W���D�U�H�D���L�W���L�V���D�V�V�X�P�H�G���W�K�D�W���H�[�L�V�W�L�Q�J���D�P�E�L�H�Q�W���Y�L�E�U�D�W�L�R�Q��
�O�H�Y�H�O�V���Z�R�X�O�G���W�\�S�L�F�D�O�O�\���E�H���E�H�O�R�Z���K�X�P�D�Q���S�H�U�F�H�S�W�L�E�L�O�L�W�\�����H�[�F�H�S�W���I�R�U���V�R�P�H���K�H�D�Y�\���O�R�D�G�H�G���W�U�X�F�N�V��
�R�S�H�U�D�W�L�Q�J���R�Q���O�R�F�D�O���V�W�U�H�H�W�V�����Z�K�L�F�K���F�R�X�O�G���E�H���S�H�U�F�H�S�W�L�E�O�H���Z�L�W�K�L�Q���D�E�R�X�W���������I�H�H�W�����9�L�E�U�D�W�L�R�Q���O�H�Y�H�O�V���I�R�U��
�³�5�X�E�E�H�U���7�L�U�H�G���9�H�K�L�F�O�H�V��́��Z�R�X�O�G���E�H���O�H�V�V���W�K�D�Q���a�������9�G�%���D�W���������I�H�H�W�����Z�K�L�F�K���L�V���J�H�Q�H�U�D�O�O�\���Q�R�W���S�H�U�F�H�S�W�L�E�O�H��
�S�H�U���)�7�$���� 
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5. �1�R�L�V�H���D�Q�G���9�L�E�U�D�W�L�R�Q���3�U�H�G�L�F�W�L�R�Q���0�H�W�K�R�G�R�O�R�J�\ 

�7�K�H���J�H�Q�H�U�D�O���S�U�R�F�H�G�X�U�H���I�R�U���D�V�V�H�V�V�L�Q�J���Q�R�L�V�H���D�Q�G���Y�L�E�U�D�W�L�R�Q���L�P�S�D�F�W�V���I�R�U���D���S�U�R�M�H�F�W���L�V���W�R���S�U�H�G�L�F�W���W�K�H��
�I�X�W�X�U�H���Q�R�L�V�H���D�Q�G���Y�L�E�U�D�W�L�R�Q���O�H�Y�H�O�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���D���S�U�R�M�H�F�W�����D�Q�G���W�K�H�Q���F�R�P�S�D�U�H���W�K�R�V�H���S�U�H�G�L�F�W�H�G��
�O�H�Y�H�O�V���W�R���W�K�H���D�S�S�U�R�S�U�L�D�W�H���L�G�H�Q�W�L�I�L�H�G���V�L�J�Q�L�I�L�F�D�Q�W���L�P�S�D�F�W���W�K�U�H�V�K�R�O�G�V���L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���D�S�S�O�L�F�D�E�O�H��
�O�R�F�D�O�����V�W�D�W�H�����D�Q�G���I�H�G�H�U�D�O���S�R�O�L�F�L�H�V�����7�K�H���Q�R�L�V�H���D�Q�G���Y�L�E�U�D�W�L�R�Q���L�P�S�D�F�W���D�Q�D�O�\�V�L�V���I�R�U���W�K�L�V���3�U�R�M�H�F�W���L�Q�F�O�X�G�H�V��
�W�Z�R���S�U�L�P�D�U�\���S�K�D�V�H�V�������Q�R�L�V�H���D�Q�G���Y�L�E�U�D�W�L�R�Q���I�R�U���F�R�Q�V�W�U�X�F�W�L�R�Q���R�I���3�U�R�M�H�F�W���F�R�P�S�R�Q�H�Q�W�V�����D�Q�G���R�Q�J�R�L�Q�J��
�R�S�H�U�D�W�L�R�Q�D�O���Q�R�L�V�H�����I�R�U���E�R�W�K���W�K�H���V�\�V�W�H�P���D�Q�G���S�H�R�S�O�H���Q�R�L�V�H�������7�K�H���P�H�W�K�R�G�R�O�R�J�L�H�V���D�Q�G���D�V�V�X�P�S�W�L�R�Q�V��
�X�V�H�G���I�R�U���S�U�H�G�L�F�W�L�Q�J���I�X�W�X�U�H���Q�R�L�V�H���D�Q�G���Y�L�E�U�D�W�L�R�Q���Y�D�O�X�H�V���I�R�U���W�K�H�V�H���S�K�D�V�H�V���D�U�H���G�H�V�F�U�L�E�H�G���E�H�O�R�Z����
�$�V�V�R�F�L�D�W�H�G���L�P�S�D�F�W�V���D�U�H���D�V�V�H�V�V�H�G���L�Q���6�H�F�W�L�R�Q������ 

5.1 �&�R�Q�V�W�U�X�F�W�L�R�Q���1�R�L�V�H 

5.1.1 �2�Q���6�L�W�H���&�R�Q�V�W�U�X�F�W�L�R�Q���$�F�W�L�Y�L�W�L�H�V 

�3�R�W�H�Q�W�L�D�O���F�R�Q�V�W�U�X�F�W�L�R�Q���Q�R�L�V�H���L�P�S�D�F�W�V���Z�H�U�H���G�H�W�H�U�P�L�Q�H�G���E�\���F�D�O�F�X�O�D�W�L�Q�J���W�K�H���3�U�R�M�H�F�W���U�H�O�D�W�H�G��
�F�R�Q�V�W�U�X�F�W�L�R�Q���Q�R�L�V�H���O�H�Y�H�O�V���D�W���U�H�S�U�H�V�H�Q�W�D�W�L�Y�H���V�H�Q�V�L�W�L�Y�H���U�H�F�H�S�W�R�U�V���D�Q�G���F�R�P�S�D�U�L�Q�J���W�K�H�V�H���Y�D�O�X�H�V���W�R��
�H�[�L�V�W�L�Q�J���D�P�E�L�H�Q�W���Q�R�L�V�H���O�H�Y�H�O�V�����L���H�������Q�R�L�V�H���O�H�Y�H�O�V���Z�L�W�K�R�X�W���F�R�Q�V�W�U�X�F�W�L�R�Q���Q�R�L�V�H���I�U�R�P���W�K�H���S�U�R�S�R�V�H�G��
�3�U�R�M�H�F�W�������&�R�Q�V�W�U�X�F�W�L�R�Q���Q�R�L�V�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���S�U�R�S�R�V�H�G���3�U�R�M�H�F�W���Z�D�V���D�Q�D�O�\�]�H�G���E�D�V�H�G���R�Q���W�K�H��
�Z�R�U�V�W���F�D�V�H�����O�R�X�G�H�V�W�����F�R�Q�V�W�U�X�F�W�L�R�Q���H�T�X�L�S�P�H�Q�W���D�Q�G���S�U�R�F�H�V�V�H�V���H�[�S�H�F�W�H�G���W�R���E�H���L�Q���X�V�H���G�X�U�L�Q�J���W�K�H��
�3�U�R�M�H�F�W�¶�V���F�R�Q�V�W�U�X�F�W�L�R�Q���S�K�D�V�H�V�����7�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���Q�R�L�V�H���P�R�G�H�O���I�R�U���W�K�H���S�U�R�S�R�V�H�G���3�U�R�M�H�F�W���L�V���E�D�V�H�G���R�Q��
�W�K�H���)�:�+�$���5�R�D�G�Z�D�\���&�R�Q�V�W�U�X�F�W�L�R�Q���1�R�L�V�H���0�R�G�H�O�����5�&�1�0�������$�G�G�L�W�L�R�Q�D�O�O�\�����W�K�H���)�7�$���³�G�H�W�D�L�O�H�G�´��
�F�R�Q�V�W�U�X�F�W�L�R�Q���Q�R�L�V�H���D�Q�D�O�\�V�L�V���Z�D�V���X�V�H�G���G�X�H���W�R���W�K�H���F�R�P�S�O�H�[�L�W�\���R�I���W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���Q�R�L�V�H���U�H�V�X�O�W�L�Q�J��
�I�U�R�P���W�K�H���Z�L�G�H���Y�D�U�L�H�W�\���R�I���H�T�X�L�S�P�H�Q�W���E�H�L�Q�J���X�V�H�G���D�Q�G���W�K�H���P�X�O�W�L�S�O�H���F�R�Q�V�W�U�X�F�W�L�R�Q���S�K�D�V�H�V�� 

�7�K�H���P�H�W�K�R�G�R�O�R�J�\���X�V�H�G���W�R���D�Q�D�O�\�]�H���R�Q���V�L�W�H���F�R�Q�V�W�U�X�F�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V���V�W�D�U�W�V���Z�L�W�K���W�K�H���U�H�I�H�U�H�Q�F�H���Q�R�L�V�H��
�O�H�Y�H�O���D�Q�G���X�V�D�J�H���I�D�F�W�R�U���I�R�U���H�D�F�K���W�\�S�H���R�I���F�R�Q�V�W�U�X�F�W�L�R�Q���H�T�X�L�S�P�H�Q�W���W�R���E�H���X�V�H�G���X�Q�G�H�U���F�R�Q�V�H�U�Y�D�W�L�Y�H��
�Z�R�U�V�H���F�D�V�H���F�R�Q�G�L�W�L�R�Q�V���I�R�U���H�D�F�K���L�G�H�Q�W�L�I�L�H�G���F�R�Q�V�W�U�X�F�W�L�R�Q���S�K�D�V�H�����7�K�H�V�H���U�H�I�H�U�H�Q�F�H���Q�R�L�V�H���O�H�Y�H�O�V���D�U�H��
�W�K�H�Q���D�G�M�X�V�W�H�G���I�R�U���W�K�H���G�L�V�W�D�Q�F�H���I�U�R�P���V�R�X�U�F�H���W�R���W�K�H���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���U�H�F�H�S�W�R�U�����W�K�H���I�U�D�F�W�L�R�Q�D�O���S�R�U�W�L�R�Q��
�R�I���W�L�P�H�����$�F�R�X�V�W�L�F���8�V�H���)�D�F�W�R�U���R�U���$�8�)�����W�K�D�W���W�K�H���H�T�X�L�S�P�H�Q�W���L�V���R�S�H�U�D�W�L�Q�J���D�W���I�X�O�O���S�R�Z�H�U�����/�P�D�[�������D�Q�G���D�Q�\��
�D�F�R�X�V�W�L�F�D�O���V�K�L�H�O�G�L�Q�J���W�K�D�W���P�D�\���E�H���S�U�H�V�H�Q�W�����V�X�F�K���D�V���E�X�L�O�G�L�Q�J�V���R�U���W�H�U�U�D�L�Q�������D�Q�G���W�K�H�Q���V�X�P�P�L�Q�J��
�W�R�J�H�W�K�H�U���W�K�H���F�R�Q�W�U�L�E�X�W�H�G���Q�R�L�V�H���I�U�R�P���D�O�O���S�L�H�F�H�V���R�I���H�T�X�L�S�P�H�Q�W�� 

�&�R�Q�V�W�U�X�F�W�L�R�Q���H�T�X�L�S�P�H�Q�W���U�R�V�W�H�U�V���D�Q�G���X�V�D�J�H���G�D�W�D���U�H�S�U�H�V�H�Q�W���W�\�S�L�F�D�O���Q�R�L�V�H���F�R�Q�G�L�W�L�R�Q�V���R�Y�H�U���W�K�H��
�F�R�X�U�V�H���R�I���D���Z�R�U�N�G�D�\���I�R�U���Z�R�U�V�W���F�D�V�H���Q�R�L�V�H���F�R�Q�G�L�W�L�R�Q�V�����7�K�H���D�F�R�X�V�W�L�F�D�O���F�R�Q�W�U�L�E�X�W�L�R�Q�����R�U���W�K�H��
�H�T�X�L�Y�D�O�H�Q�W���V�R�X�Q�G���O�H�Y�H�O�����I�R�U���H�D�F�K���S�L�H�F�H���R�I���H�T�X�L�S�P�H�Q�W���D�W���H�D�F�K���F�R�Q�V�W�U�X�F�W�L�R�Q���D�U�H�D���L�V���F�D�O�F�X�O�D�W�H�G���X�V�L�Q�J��
�W�K�H���I�R�O�O�R�Z�L�Q�J���V�W�D�Q�G�D�U�G���H�T�X�D�W�L�R�Q���� 

�� ���c�oL ���k�_�v�:�p�c�d�; F�t�r �Ž�‘�‰�@
�H

�H�h�[�\
�AE�s�r�Ž�‘�‰�@

�E�Y�J�¨

�5�4�4
�AE�s�r�Ž�‘�‰�:�� �; F���������:�‡�“�ä�s�; 

 
�:�K�H�U�H���� 

�/�H�T��� ���W�K�H���H�T�X�L�Y�D�O�H�Q�W���V�R�X�Q�G���O�H�Y�H�O���H�Q�H�U�J�\���D�Y�H�U�D�J�H�G���R�Y�H�U���W�K�H���S�H�U�L�R�G���R�I���W�L�P�H���R�Y�H�U���Z�K�L�F�K���W�K�H���H�T�X�L�S�P�H�Q�W��
�L�V���R�S�H�U�D�W�L�Q�J�����L�Q���G�%�$ 

�/�P�D�[���U�H�I����� ���W�K�H���P�D�[�L�P�X�P���R�S�H�U�D�W�L�Q�J���H�T�X�L�S�P�H�Q�W���V�R�X�Q�G���O�H�Y�H�O���R�S�H�U�D�W�L�Q�J���D�W���I�X�O�O���S�R�Z�H�U���D�V���P�H�D�V�X�U�H�G���D�W���W�K�H��
�U�H�I�H�U�H�Q�F�H���G�L�V�W�D�Q�F�H 

�'��� ���W�K�H���G�L�V�W�D�Q�F�H���E�H�W�Z�H�H�Q���W�K�H���R�S�H�U�D�W�L�Q�J���H�T�X�L�S�P�H�Q�W���D�Q�G���W�K�H���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���U�H�F�H�S�W�R�U���O�R�F�D�W�L�R�Q��
���G�L�V�W�D�Q�F�H�V���F�R�Q�V�H�U�Y�D�W�L�Y�H�O�\���D�V�V�X�P�H�G���W�R���E�H���W�K�H���V�K�R�U�W�H�V�W���S�U�D�F�W�L�F�H���G�L�V�W�D�Q�F�H���I�U�R�P���V�R�X�U�F�H���W�R���U�H�F�H�S�W�R�U��
�D�W���D�Q�\���J�L�Y�H�Q���V�L�W�H���I�R�U���Z�R�U�V�W���F�D�V�H���F�R�Q�G�L�W�L�R�Q�V���� 

�' �U�H�I��� ���W�K�H���U�H�I�H�U�H�Q�F�H���G�L�V�W�D�Q�F�H���I�R�U���W�K�H���/�P�D�[���U�H�I�������W�\�S�L�F�D�O�O�\���������I�H�H�W 
�$�8�)��� ���W�K�H���$�F�R�X�V�W�L�F���8�V�H���I�D�F�W�R�U�����W�\�S�L�F�D�O���I�U�D�F�W�L�R�Q�D�O���Y�D�O�X�H���R�I���W�L�P�H���W�K�D�W���H�T�X�L�S�P�H�Q�W���L�V���R�S�H�U�D�W�L�Q�J���D�W���I�X�O�O��

�S�R�Z�H�U�� 
�1��� ���Q�X�P�E�H�U���R�I���V�L�P�L�O�D�U���S�L�H�F�H�V���R�I���H�T�X�L�S�P�H�Q�W���R�S�H�U�D�W�L�Q�J���L�Q���W�K�H���V�D�P�H���D�U�H�D�� 
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�6��� ���W�K�H���H�V�W�L�P�D�W�H�G���Q�R�L�V�H���U�H�G�X�F�W�L�R�Q���V�K�L�H�O�G�L�Q�J���Y�D�O�X�H���E�H�W�Z�H�H�Q���W�K�D�W���V�R�X�U�F�H���D�Q�G���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���U�H�F�H�S�W�R�U����
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Equivalent Type  
Lmax-Ref dBA  

(50 feet)  AUF% 
Auger Drill 84 20 
Backhoe 78 40 
Boring Jack Power Unit 83 50 
Chain Saw 84 20 
Compactor (ground) 83 20 
Compressor (air) 78 40 
Concrete Mixer Truck 79 40 
Concrete Pump Truck 81 20 
Concrete Saw 90 20 
Crane 81 16 
Dozer 82 40 
Drill Rig Truck 79 20 
Drum Mixer 80 50 
Dump Truck 76 40 
Excavator 81 40 
Flat Bed Truck 74 40 
Front End Loader 79 40 
Generator (>25KVA) 81 50 
Generator (<25KVA) 73 50 
Gradall  83 40 
Grader 85 40 
Horizontal Boring Jack 82 25 
Hoe Ram 90 20 
Jackhammer 89 20 
Man Lift 75 20 
Pavement Scarifier 90 20 
Paver 77 50 
Pickup Truck 75 40 
Pneumatic Tools 85 50 
Pumps 81 50 
Roller 80 20 
Scraper 84 40 
Shears (on backhoe) 96 40 
Tractor 84 40 
Vacuum Excavator 85 40 
Vacuum Street Sweeper 82 10 
Ventilating Fan 79 100 
Vibrating Hopper 87 50 
Vibratory Concrete Mixer 80 20 
Warning Horn 83 5 
Welder/Torch 74 40 

Source:  RCNM User Guide, 2006, Table 1 (actual measured Lmax) 
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Where:  PPV = Peak Particle Velocity at the nearest structure 
 PPVref = the reference PPV value for a piece of equipment at reference distance of 25 feet 
 D = the distance from the construction equipment to the structure 
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Where:  Lv = the Vibration Velocity Level at the nearest structure 
 Lv-(ref) = the reference Lv value for a piece of equipment at a reference distance of 25 feet 
 D = the distance from the construction equipment to the structure 
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�X�V�H�G���I�R�U���W�K�H���3�U�R�M�H�F�W���W�K�D�W���F�D�X�V�H���J�U�R�X�Q�G���E�R�U�Q�H���Y�L�E�U�D�W�L�R�Q���D�U�H���O�L�V�W�H�G���L�Q���7�D�E�O�H�������������I�U�R�P���)�7�$��������������
�7�D�E�O�H������������ 

�3�R�W�H�Q�W�L�D�O���Y�L�E�U�D�W�L�R�Q���L�P�S�D�F�W�V���I�R�U���E�R�W�K���G�D�P�D�J�H���D�Q�G���K�X�P�D�Q���D�Q�Q�R�\�D�Q�F�H���D�U�H���W�\�S�L�F�D�O�O�\���D�V�V�H�V�V�H�G���X�V�L�Q�J��
�W�K�H���F�O�R�V�H�V�W���G�L�V�W�D�Q�F�H���W�R���W�K�H���S�R�W�H�Q�W�L�D�O�O�\���L�P�S�D�F�W�H�G���V�W�U�X�F�W�X�U�H�� 

�7�D�E�O�H�����������5�H�I�H�U�H�Q�F�H���9�L�E�U�D�W�L�R�Q���3�U�R�S�H�U�W�L�H�V���R�I���&�R�Q�V�W�U�X�F�W�L�R�Q���(�T�X�L�S�P�H�Q�W 

Equipment Type  PPV at 25 ft, in/sec  Lv, VdB at 25 ft.  
Vibratory Roller 0.21 94 
Hoe-Ram 0.089 87 
Large Bulldozer 0.089 87 
Caisson/Auger Drilling 0.089 87 
Loaded Trucks 0.076 86 
Jackhammer 0.035 79 
Small Bulldozer 0.003 58 

Source FTA 2018, Table 7-4 

 

5.3 �2�S�H�U�D�W�L�R�Q�D�O���1�R�L�V�H 
�2�S�H�U�D�W�L�R�Q�D�O���Q�R�L�V�H���L�P�S�D�F�W�V���Z�H�U�H���H�Y�D�O�X�D�W�H�G���E�\���L�G�H�Q�W�L�I�\�L�Q�J���W�K�H���Q�R�L�V�H���O�H�Y�H�O�V���W�K�D�W���Z�R�X�O�G���E�H���J�H�Q�H�U�D�W�H�G��
�E�\���3�U�R�M�H�F�W���R�S�H�U�D�W�L�R�Q���Q�R�L�V�H���V�R�X�U�F�H�V�����L�Q�F�O�X�G�L�Q�J���V�W�D�W�L�R�Q�V�����M�X�Q�F�W�L�R�Q�����W�R�Z�H�U�V�����F�D�E�L�Q�V�����D�Q�G���S�D�V�V�H�Q�J�H�U�V��
�D�W���V�W�D�W�L�R�Q�V���Z�D�L�W�L�Q�J���W�R���E�R�D�U�G���W�K�H���V�\�V�W�H�P�����7�K�H���Q�R�L�V�H���O�H�Y�H�O���I�U�R�P���H�D�F�K���Q�R�L�V�H���V�R�X�U�F�H���D�W���H�D�F�K��
�V�X�U�U�R�X�Q�G�L�Q�J���V�H�Q�V�L�W�L�Y�H���U�H�F�H�S�W�R�U���S�U�R�S�H�U�W�\���O�L�Q�H���O�R�F�D�W�L�R�Q���Z�D�V���W�K�H�Q���F�D�O�F�X�O�D�W�H�G���D�Q�G���F�R�P�S�D�U�H�G���W�R���W�K�H��
�H�[�L�V�W�L�Q�J���D�P�E�L�H�Q�W���Q�R�L�V�H���O�H�Y�H�O�V�����'�H�W�D�L�O�V���D�Q�G���U�H�V�X�O�W�V���R�I���W�K�H���R�S�H�U�D�W�L�R�Q�D�O���Q�R�L�V�H���L�P�S�D�F�W�V���D�U�H���S�U�H�V�H�Q�W�H�G��
�L�Q���6�H�F�W�L�R�Q�������������� 

�2�S�H�U�D�W�L�R�Q�D�O���6�\�V�W�H�P���1�R�L�V�H 

�7�K�H�U�H���L�V���Q�R���X�Q�L�Y�H�U�V�D�O�O�\���U�H�F�R�J�Q�L�]�H�G���V�W�D�Q�G�D�U�G���P�H�W�K�R�G�R�O�R�J�\���I�R�U���S�U�H�G�L�F�W�L�Q�J���Q�R�L�V�H���O�H�Y�H�O�V���I�R�U���J�R�Q�G�R�O�D��
�W�U�D�Q�V�S�R�U�W�D�W�L�R�Q���V�\�V�W�H�P�V�����V�X�F�K���D�V���W�K�R�V�H���S�U�R�S�R�V�H�G���I�R�U���X�V�H���R�Q���W�K�L�V���3�U�R�M�H�F�W�����+�R�Z�H�Y�H�U�����D���W�D�U�J�H�W�H�G��
�O�L�W�H�U�D�W�X�U�H���U�H�Y�L�H�Z���L�G�H�Q�W�L�I�L�H�G���D���U�H�O�H�Y�D�Q�W���M�R�X�U�Q�D�O���D�U�W�L�F�O�H�����1�R�L�V�H���S�U�H�G�L�F�W�L�R�Q���P�R�G�H�O�V���I�R�U���J�R�Q�G�R�O�D���U�R�S�H�Z�D�\��
�F�R�P�S�R�Q�H�Q�W�V�����5�R�V�V�L���������� �������Z�K�L�F�K���Z�D�V���X�V�H�G���D�V���D���E�D�V�L�V���I�R�U���S�U�H�G�L�F�W�L�Q�J���W�K�H���Q�R�L�V�H���I�U�R�P���W�K�H���3�U�R�M�H�F�W�¶�V��
�R�S�H�U�D�W�L�R�Q�V�����7�K�L�V���D�U�W�L�F�O�H���L�Q�F�O�X�G�H�V���H�T�X�D�W�L�R�Q�V���I�R�U���S�U�H�G�L�F�W�L�Q�J���Q�R�L�V�H���O�H�Y�H�O�V���I�R�U���E�R�W�K���V�W�D�W�L�R�Q���Q�R�L�V�H���D�Q�G��
�W�R�Z�H�U���Q�R�L�V�H���E�D�V�H�G���R�Q���H�P�S�L�U�L�F�D�O���G�D�W�D���F�R�O�O�H�F�W�H�G���I�U�R�P���V�H�Y�H�U�D�O���P�R�G�H�U�Q���D�H�U�L�D�O���J�R�Q�G�R�O�D���V�\�V�W�H�P�V�����7�K�H��
�D�U�W�L�F�O�H���L�Q�F�O�X�G�H�V���H�T�X�D�W�L�R�Q�V���I�R�U���W�Z�R���W�\�S�H�V���R�I���J�R�Q�G�R�O�D���V�\�V�W�H�P�V���±���S�R�Z�H�U�H�G���D�Q�G���W�H�Q�V�L�R�Q�L�Q�J�����$�V��
�S�U�R�Y�L�G�H�G���L�Q���W�K�H���D�U�W�L�F�O�H�����W�K�H���Q�R�L�V�H���O�H�Y�H�O�V���I�R�U���W�K�H���S�R�Z�H�U�H�G���V�\�V�W�H�P���D�U�H���O�R�X�G�H�U���W�K�D�Q���W�K�H���W�H�Q�V�L�R�Q�L�Q�J��
�V�\�V�W�H�P�����$�F�F�R�U�G�L�Q�J�O�\�����W�R���S�U�R�Y�L�G�H���D���F�R�Q�V�H�U�Y�D�W�L�Y�H���D�Q�D�O�\�V�L�V���W�K�L�V���U�H�S�R�U�W���X�W�L�O�L�]�H�G���W�K�H���H�T�X�D�W�L�R�Q�V���I�R�U���W�K�H��
�S�R�Z�H�U�H�G���V�\�V�W�H�P�V���W�R���S�U�R�Y�L�G�H���D���Z�R�U�V�W���F�D�V�H���H�Y�D�O�X�D�W�L�R�Q�����7�K�H���Q�R�L�V�H���O�H�Y�H�O�V���F�D�O�F�X�O�D�W�H�G���X�V�L�Q�J���W�K�H��
�H�T�X�D�W�L�R�Q�V���I�U�R�P���W�K�H���D�U�W�L�F�O�H���U�H�S�U�H�V�H�Q�W���S�U�H�G�L�F�W�H�G���V�R�X�Q�G���O�H�Y�H�O���Y�D�O�X�H�V�����7�K�H���X�V�H���R�I���W�K�H���5�R�V�V�L���D�U�W�L�F�O�H��
�H�T�X�D�W�L�R�Q�V���Z�D�V���Y�D�O�L�G�D�W�H�G���E�\���F�R�P�S�D�U�L�Q�J���S�U�H�G�L�F�W�H�G���Q�R�L�V�H���O�H�Y�H�O�V���J�H�Q�H�U�D�W�H�G���E�\���W�K�H���H�T�X�D�W�L�R�Q�V���W�R��
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�L�Q���V�L�W�X���P�H�D�V�X�U�H�G�����U�H�D�O���Z�R�U�O�G���G�D�W�D���I�U�R�P���D�Q���R�S�H�U�D�W�L�Q�J���V�\�V�W�H�P�����V�H�H���$�S�S�H�Q�G�L�[���$�����Q�R�L�V�H���O�H�Y�H�O�V���I�R�U���D��
���6���J�R�Q�G�R�O�D���V�\�V�W�H�P���V�L�P�L�O�D�U���W�R���W�K�D�W���S�U�R�S�R�V�H�G���I�R�U���W�K�L�V���3�U�R�M�H�F�W����This comparison was conducted to 
determine whether the predicted sound levels using the Rossi article equations are similar
enough to actual system sound measurements such that the equations could be used to model 
the sound values for the proposed Project. �7�K�L�V���F�R�P�S�D�U�L�V�R�Q���R�I���S�U�H�G�L�F�W�H�G���D�Q�G���P�H�D�V�X�U�H�G���Y�D�O�X�H�V���L�V��
�V�K�R�Z�Q���L�Q��Table 5-3 ���D�Q�G��Table 5-4 ���E�H�O�R�Z�� �U�H�V�X�O�W�L�Q�J���L�Q���G�L�I�I�H�U�H�Q�F�H�V���R�I���X�S���W�R�����������G�%�$���I�R�U���W�K�H���V�W�D�W�L�R�Q�V��
�D�Q�G���X�S���W�R�����������G�%�$���I�R�U���W�K�H���W�R�Z�H�U�V�����Z�K�L�F�K���L�V���Z�L�W�K�L�Q���W�K�H���Q�R�U�P�D�O�O�\���D�F�F�H�S�W�H�G���W�R�O�H�U�D�Q�F�H���R�I���Q�R�L�V�H��
�S�U�H�G�L�F�W�L�R�Q���P�R�G�H�O�V��

Station and Junction Noise
�1�R�L�V�H���I�U�R�P���V�W�D�W�L�R�Q�V���D�Q�G���W�K�H���M�X�Q�F�W�L�R�Q���D�W���U�H�F�H�S�W�R�U���O�R�F�D�W�L�R�Q�V���L�V���J�H�Q�H�U�D�W�H�G���E�\���W�K�H���H�T�X�L�S�P�H�Q�W���W�K�D�W��
�S�R�Z�H�U�V���D�Q�G���G�L�U�H�F�W�V���W�K�H���P�R�Y�H�P�H�Q�W���R�I���W�K�H���J�R�Q�G�R�O�D�V�����3�U�H�G�L�F�W�L�Q�J���W�K�H���Q�R�L�V�H���O�H�Y�H�O�V���J�H�Q�H�U�D�W�H�G���I�U�R�P��
�W�K�H���V�W�D�W�L�R�Q�V���D�Q�G���M�X�Q�F�W�L�R�Q���W�D�N�H�V���L�Q�W�R���F�R�Q�V�L�G�H�U�D�W�L�R�Q���W�K�H���V�R�X�Q�G���S�R�Z�H�U���J�H�Q�H�U�D�W�H�G���E�\���W�K�H���H�T�X�L�S�P�H�Q�W����
�W�K�H���G�L�V�W�D�Q�F�H���I�U�R�P���W�K�H���V�W�D�W�L�R�Q���M�X�Q�F�W�L�R�Q���W�R���W�K�H���U�H�F�H�S�W�R�U�V�����D�Q�G���W�K�H���R�I�I�V�H�W���D�Q�J�O�H���R�I���W�K�H���U�H�F�H�S�W�R�U�V��
�U�H�O�D�W�L�Y�H���W�R���W�K�H���J�R�Q�G�R�O�D�¶�V���G�L�U�H�F�W�L�R�Q���R�I���W�U�D�Y�H�O�����7�K�H�V�H���Y�D�O�X�H�V���Z�H�U�H���F�D�O�F�X�O�D�W�H�G���X�V�L�Q�J���(�T�X�D�W�L�R�Q�V�������D�Q�G��
�����E�H�O�R�Z���I�U�R�P���W�K�H���5�R�V�V�L���D�U�W�L�F�O�H�����(�T�X�D�W�L�R�Q�������S�U�H�G�L�F�W�V���W�K�H���V�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O���I�R�U���W�K�H��
�V�W�D�W�L�R�Q���M�X�Q�F�W�L�R�Q���D�W���G�L�V�W�D�Q�F�H�����U�������D�Q�G���(�T�X�D�W�L�R�Q�������D�G�M�X�V�W�V���W�K�H���S�U�H�G�L�F�W�H�G���V�R�X�Q�G���S�U�H�V�V�X�U�H���O�H�Y�H�O���D�V���D��
�I�X�Q�F�W�L�R�Q���R�I���D�Q�J�O�H���I�U�R�P���W�K�H���G�L�U�H�F�W�L�R�Q���R�I���W�U�D�Y�H�O��

���n��L�����u�i�¦��
F���s�w���Ž�‘�‰�:�”�;� � � :� A� M� ä���v�;��

 ���n�_��
L���s�r�Ž�‘�‰��e���5

�8�9
m�s�r

�H�f �Z�_�h�-
�-�, �Û�EE�s�r

�H�f �Z�_�h�.
�-�, �Û�:�v�wE�E�;qi�������:�A�M�ä�w�; 

 
�:�K�H�U�H��

Lp is the equivalent sound pressure level (LAeq) produced by the station at the noise-sensitive 
receptor, and

 LWs�J is a parameter which takes into account the A-weighted sound power level of the source, the 
typology of the various noise sources and components which constitute the station, the typology of
the carriers and the noise propagation conditions, and noise directivity.

�(�T�X�D�W�L�R�Q�������U�H�O�L�H�V���R�Q���U�H�I�H�U�H�Q�F�H���Y�D�O�X�H�V���D�W���G�L�V�F�U�H�W�H���D�Q�J�O�H�V���I�U�R�P���W�K�H���V�W�D�W�L�R�Q���M�X�Q�F�W�L�R�Q���L�Q���������G�H�J�U�H�H��
�L�Q�F�U�H�P�H�Q�W�V�����(�T�X�D�W�L�R�Q�������L�Q�W�H�U�S�R�O�D�W�H�V���W�K�H���Y�D�O�X�H�V���W�R���S�U�R�Y�L�G�H���D���S�U�H�G�L�F�W�L�R�Q���D�W���D�Q�\���D�Q�J�O�H�����6�R�X�Q�G���S�R�Z�H�U��
�U�H�I�H�U�H�Q�F�H���Y�D�O�X�H�V���I�R�U���Y�D�U�L�R�X�V���O�L�Q�H���V�S�H�H�G�V�����D�Q�G���R�I�I�V�H�W���D�Q�J�O�H�V���D�U�H���S�U�H�V�H�Q�W�H�G���L�Q��Table 5-5 ���D�V��
�U�H�F�R�P�P�H�Q�G�H�G���L�Q���W�K�H���5�R�V�V�L���D�U�W�L�F�O�H��

Table 5-3 below, presents a comparison of predicted sound level values generated using the 
equations from the Rossi article and measured (real-world, see Appendix A) sound level values 
conducted for a 3S gondola system similar to that proposed for this Project. As previously 
discussed, this comparison was conducted to determine whether the predicted sound levels are 
similar enough to actual system sound measurements such that the predicted sound levels could 
be used to model the sound values for the proposed Project. As shown in Table 5-3 , this 
comparison led to a conservative average over-prediction of 2.6 dBA across all locations. This is 
considered an acceptable difference that validates use of the equations from the Rossi article to 
predict noise levels for the proposed Project. Accordingly, use of the Rossi a�U�W�L�F�O�H�¶�V��equations to 
�H�Y�D�O�X�D�W�H���W�K�H���3�U�R�M�H�F�W�¶�V���R�S�H�U�D�W�L�R�Q�D�O���Q�R�L�V�H���K�D�V���E�H�H�Q���Y�D�O�L�G�D�W�H�G���D�Q�G���U�H�V�X�O�W�V���L�Q���D���F�R�Q�V�H�U�Y�D�W�L�Y�H��
�D�V�V�H�V�V�P�H�Q�W���R�I���W�K�H���Q�R�L�V�H���J�H�Q�H�U�D�W�H�G���E�\���W�K�H���3�U�R�M�H�F�W�¶�V���J�R�Q�G�Rla system.



Los Angeles Aerial Rapid Transit Project  
 

 
  
 

 

 
AECOM 

38 

�7�D�E�O�H�����������6�W�D�W�L�R�Q���1�R�L�V�H���3�U�H�G�L�F�W�L�R�Q���9�D�O�L�G�D�W�L�R�Q 

Measurement/Prediction Location 
Description 1 

Predicted 2 
Leq, dBA 

Measured 3 
Leq, dBA  Difference  

Station 0 degrees at 50 meters/164 feet 54.8 51.0 3.8 
Station 30 degrees at 35 meters/115 feet 56.0 52.6 3.4 
Station 45 degrees at 35 meters/115 feet 55.3 53.7 1.6 
Station 0 degrees at 50 meters/164 feet 54.8 50.9 3.9 
Station 30 degrees at 35 meters/115 feet 55.4 52.6 2.8 
Station 45 degrees at 35 meters/115 feet 55.3 55.6 -0.3 
Station 0 degrees at 20 meters/66 feet 60.8 58.9 1.9 
Station 90 degrees at 20 meters/66 feet 58.0 54.5 3.5 

Average: 2.6 
Notes: 
1. Angle in degrees is relative to tow rope direction. 
2. Predicted levels for Rossi Journal Article equations 
3. Measured Leq values data for a similar 3S gondola system provided in Appendix A.  

 

�7�K�H���I�R�O�O�R�Z�L�Q�J���D�V�V�X�P�S�W�L�R�Q�V���U�H�J�D�U�G�L�Q�J���W�K�H���3�U�R�M�H�F�W�¶�V���V�W�D�W�L�R�Q�V���M�X�Q�F�W�L�R�Q���Z�H�U�H���X�W�L�O�L�]�H�G���I�R�U���W�K�H���3�U�R�M�H�F�W�¶�V��
�D�Q�D�O�\�V�L�V�� 

�x �7�K�H���V�W�D�W�L�R�Q�V���J�H�Q�H�U�D�W�H���Q�R�L�V�H���L�Q���D���V�L�P�L�O�D�U���Z�D�\���D�V���W�K�H���V�\�V�W�H�P�V���L�Q���W�K�H���5�R�V�V�L���D�U�W�L�F�O�H�����Z�K�L�F�K��
�D�U�H���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���F�R�Q�V�H�U�Y�D�W�L�Y�H���D�V���D���U�H�V�X�O�W���R�I���P�R�G�H�O���Y�D�O�L�G�D�W�L�R�Q���L�Q���7�D�E�O�H������������ 

�x �7�K�H���S�U�R�S�R�V�H�G���3�U�R�M�H�F�W���L�Q�F�O�X�G�H�V���W�K�U�H�H���V�W�D�W�L�R�Q�V�����:�K�L�O�H���V�R�P�H���V�W�D�W�L�R�Q�V���P�D�\���K�D�Y�H���S�R�Z�H�U��
�H�T�X�L�S�P�H�Q�W�����H�O�H�F�W�U�L�F�D�O���P�R�W�R�U�V���W�R���P�R�Y�H���W�K�H���J�R�Q�G�R�O�D�V�����D�Q�G���V�R�P�H���P�D�\���Q�R�W�����L�W���Z�D�V��
�F�R�Q�V�H�U�Y�D�W�L�Y�H�O�\���D�V�V�X�P�H�G���W�K�D�W���D�O�O���V�W�D�W�L�R�Q�V���Z�R�X�O�G���K�D�Y�H���S�R�Z�H�U���X�Q�L�W�V�����S�U�H�V�H�Q�W�L�Q�J���D���Z�R�U�V�W���F�D�V�H��
�Q�R�L�V�H���D�Q�D�O�\�V�L�V�� 

�x �7�K�H���S�U�R�S�R�V�H�G���3�U�R�M�H�F�W���L�Q�F�O�X�G�H�V���R�Q�H���M�X�Q�F�W�L�R�Q�����7�K�H���M�X�Q�F�W�L�R�Q���L�V���D���Q�R�Q���S�D�V�V�H�Q�J�H�U���M�X�Q�F�W�L�R�Q��
�X�V�H�G���W�R���H�[�H�F�X�W�H���D���W�X�U�Q���L�Q���W�K�H���U�R�S�H�Z�D�\�����Z�K�L�O�H���W�K�H���M�X�Q�F�W�L�R�Q���L�Q�F�O�X�G�H�V���Y�H�U�W�L�F�D�O���F�L�U�F�X�O�D�W�L�R�Q��
�H�O�H�P�H�Q�W�V�����Z�K�L�F�K���D�U�H���I�R�U���P�D�L�Q�W�H�Q�D�Q�F�H�������$�F�R�X�V�W�L�F�D�O�O�\�����L�W���Z�D�V���D�V�V�X�P�H�G���W�K�D�W���W�K�H���M�X�Q�F�W�L�R�Q��
�Z�R�X�O�G���K�D�Y�H���W�K�H���V�D�P�H���S�R�Z�H�U���X�Q�L�W���D�V���W�K�H���V�W�D�W�L�R�Q�V���D�Q�G���Z�D�V���P�R�G�H�O�H�G���X�V�L�Q�J���W�K�H���V�D�P�H��
�H�T�X�D�W�L�R�Q�V���D�Q�G���S�D�U�D�P�H�W�H�U�V���D�V���W�K�H���V�W�D�W�L�R�Q�V�� 

�x �'�L�V�W�D�Q�F�H���I�U�R�P���V�W�D�W�L�R�Q�V���M�X�Q�F�W�L�R�Q���W�R���U�H�F�H�S�W�R�U���Z�D�V���P�H�D�V�X�U�H�G���I�U�R�P���W�K�H���R�X�W�O�L�Q�H���R�I���W�K�H��
�V�W�D�W�L�R�Q���M�X�Q�F�W�L�R�Q���I�R�R�W�S�U�L�Q�W���W�R���W�K�H���U�H�F�H�S�W�R�U���W�R���S�U�R�Y�L�G�H���W�K�H���Z�R�U�V�W���F�D�V�H���V�F�H�Q�D�U�L�R�� 

�x �$�O�O���D�Q�J�O�H�V���Z�H�U�H���P�H�D�V�X�U�H�G���I�U�R�P���W�K�H���O�L�Q�H���G�L�U�H�F�W�L�R�Q���S�U�R�Y�L�G�H�G���L�Q���W�K�H���S�U�H�O�L�P�L�Q�D�U�\���F�R�Q�V�W�U�X�F�W�L�R�Q��
�S�K�D�V�L�Q�J���G�L�D�J�U�D�P�V���W�K�D�W���Z�H�U�H���S�U�R�Y�L�G�H�G���E�\���W�K�H���3�U�R�M�H�F�W���W�H�D�P�� 

�7�R�Z�H�U���1�R�L�V�H 

�7�R�Z�H�U���Q�R�L�V�H���Z�D�V���F�D�O�F�X�O�D�W�H�G���E�D�V�H�G���R�Q���H�T�X�D�W�L�R�Q�V���L�Q���W�K�H���5�R�V�V�L���D�U�W�L�F�O�H�����X�V�L�Q�J���H�T�X�D�W�L�R�Q�V���������������D�Q�G��������
�E�H�O�R�Z�����L�Q�F�O�X�G�L�Q�J���Q�R�L�V�H���J�H�Q�H�U�D�W�H�G���E�\���W�K�H���U�R�S�H���S�D�V�V�L�Q�J���R�Y�H�U���W�K�H���V�K�H�D�Y�H�V�����P�H�F�K�D�Q�L�V�P���D�W���W�R�S���R�I��
�W�R�Z�H�U���Z�K�L�F�K���V�X�S�S�R�U�W�V���D�Q�G���R�U���K�R�O�G�V���G�R�Z�Q���W�K�H���F�D�E�O�H�V���������’ �5�á�'�M�Q�=�P�E�K�J���x�������D�Q�G���Q�R�L�V�H���J�H�Q�H�U�D�W�H�G���E�\��
�W�K�H���J�R�Q�G�R�O�D���F�D�E�L�Q���S�D�V�V�L�Q�J���R�Y�H�U���W�K�H���V�K�H�D�Y�H�V�����/�S���������“�—�ƒ�–�‹�‘�•���y�������7�K�H���F�D�O�F�X�O�D�W�H�G���O�H�Y�H�O�V���I�R�U���E�R�W�K��
�V�R�X�U�F�H�V���D�U�H���F�R�P�E�L�Q�H�G���X�V�L�Q�J���D���W�L�P�H���Z�H�L�J�K�W�H�G���D�Y�H�U�D�J�H�������’ �r�m�r�á�'�M�Q�=�P�E�K�J���z������ 

 ���n�5 L ���u�-�¦
F�s�w�Ž�‘�‰�:�”�6 E�Š�6�;�4�ä�9�������:�‡�“�ä�x�; 

 ���n�.
L ���u�.�¦

F�s�w�Ž�‘�‰�:�”�6 E�Š�6�;�4�ä�9�������:�‡�“�ä�y�; 

 ���n�r�m�r
L �s�r�Ž�‘�‰d

�5

�H�5�>�H�6
l�s�r

�H�f �-
�-�, �Û���s E�s�r

�H�f �.
�-�, �Û���t ph�������:�‡�“�ä�z�; 
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Where: Lp1 is LAeq produced by the rope running on the sheave at the noise sensitive receptor location. 
Lp2 is LAeq produced by the gondola cabin running over the sheave at the noise sensitive 
receptor in dBA. 
LW1�J is a parameter which takes into account the A-weighted sound power of the noise source. 
D1 is the time length of the noise produced when there is only rope running, in seconds 
D2 is the time length of the noise produced by the gondola cabin transit, in seconds  
h is the tower height in meters 

 
�7�D�E�O�H�����������E�H�O�R�Z���S�U�H�V�H�Q�W�V���D���F�R�P�S�D�U�L�V�R�Q���R�I���S�U�H�G�L�F�W�H�G���V�R�X�Q�G���O�H�Y�H�O���Y�D�O�X�H�V���X�V�L�Q�J���W�K�H���H�T�X�D�W�L�R�Q�V���L�Q��
�W�K�H���5�R�V�V�L���D�U�W�L�F�O�H���D�Q�G���P�H�D�V�X�U�H�G�����U�H�D�O���Z�R�U�O�G�����V�R�X�Q�G���O�H�Y�H�O���Y�D�O�X�H�V���I�R�U���D�����6���J�R�Q�G�R�O�D���V�\�V�W�H�P���V�L�P�L�O�D�U��
�W�R���W�K�D�W���S�U�R�S�R�V�H�G���I�R�U���W�K�L�V���3�U�R�M�H�F�W�����V�H�H���$�S�S�H�Q�G�L�[���$�������$�V���S�U�H�Y�L�R�X�V�O�\���G�L�V�F�X�V�V�H�G�����W�K�L�V���F�R�P�S�D�U�L�V�R�Q���Z�D�V��
�F�R�Q�G�X�F�W�H�G���W�R���G�H�W�H�U�P�L�Q�H���Z�K�H�W�K�H�U���W�K�H���S�U�H�G�L�F�W�H�G���V�R�X�Q�G���O�H�Y�H�O�V���D�U�H���V�L�P�L�O�D�U���H�Q�R�X�J�K���W�R���D�F�W�X�D�O���V�\�V�W�H�P��
�V�R�X�Q�G���P�H�D�V�X�U�H�P�H�Q�W�V���V�X�F�K���W�K�D�W���W�K�H���S�U�H�G�L�F�W�H�G���V�R�X�Q�G���O�H�Y�H�O�V���F�R�X�O�G���E�H���X�V�H�G���W�R���P�R�G�H�O���W�K�H���V�R�X�Q�G��
�Y�D�O�X�H�V���I�R�U���W�K�H���S�U�R�S�R�V�H�G���3�U�R�M�H�F�W�����7�D�E�O�H�����������S�U�R�Y�L�G�H�V���W�K�H���S�U�H�G�L�F�W�H�G���V�R�X�Q�G���Y�D�O�X�H�V���I�R�U���D���J�R�Q�G�R�O�D��
�W�R�Z�H�U���G�H�U�L�Y�H�G���I�U�R�P���W�K�H���5�R�V�V�L���D�U�W�L�F�O�H���I�R�U���G�L�I�I�H�U�H�Q�W���V�S�H�H�G�V���D�Q�G���G�L�V�W�D�Q�F�H�V���D�Q�G���P�H�D�V�X�U�H�G�����U�H�D�O���Z�R�U�O�G����
�V�R�X�Q�G���O�H�Y�H�O���Y�D�O�X�H�V���I�R�U���D�����6���J�R�Q�G�R�O�D���W�R�Z�H�U���V�L�P�L�O�D�U���W�R���W�K�D�W���S�U�R�S�R�V�H�G���I�R�U���W�K�L�V���3�U�R�M�H�F�W�����V�H�H���$�S�S�H�Q�G�L�[��
�$�������$�V���V�K�R�Z�Q���L�Q���7�D�E�O�H�������������W�K�L�V���F�R�P�S�D�U�L�V�R�Q���O�H�G���W�R���F�O�R�V�H���F�R�U�U�H�O�D�W�L�R�Q���E�H�W�Z�H�H�Q���P�H�D�V�X�U�H�G��
���U�H�D�O���Z�R�U�O�G�����D�Q�G���S�U�H�G�L�F�W�H�G���Q�R�L�V�H���O�H�Y�H�O�V���R�I���O�H�V�V���W�K�D�Q�������������������G�%�$�����7�K�L�V���L�V���F�R�Q�V�L�G�H�U�H�G���D�Q���D�F�F�H�S�W�D�E�O�H��
�G�L�I�I�H�U�H�Q�F�H���W�K�D�W���Y�D�O�L�G�D�W�H�V���X�V�H���R�I���W�K�H���H�T�X�D�W�L�R�Q�V���I�U�R�P���W�K�H���5�R�V�V�L���D�U�W�L�F�O�H���W�R���S�U�H�G�L�F�W���Q�R�L�V�H���O�H�Y�H�O�V���I�R�U���W�K�H��
�S�U�R�S�R�V�H�G���3�U�R�M�H�F�W�¶�V���W�R�Z�H�U�V�� 

�7�D�E�O�H�����������*�R�Q�G�R�O�D���7�R�Z�H�U���1�R�L�V�H���3�U�H�G�L�F�W�L�R�Q���9�D�O�L�G�D�W�L�R�Q 

Measurement/Prediction Location 
Description  

Line Speed 
(meters  per 

second /feet  per 
seco nd) 

Predicted  
Leq, dBA 1  

Measured  
Leq, dBA 2  Difference  

Tower 90 degrees at 20 meters/66 feet 7/23 59.7 60.1 -0.4 

Tower 90 degrees at 20 meters/66 feet 6/20 55.7 55.3 0.4 

Tower 90 degrees at 20 meters/66 feet 5/16 52.8 52.6 0.2 

Tower 90 degrees at 20 meters/66 feet 4/13 47.4 47.4 0.0 

Tower 30 degrees at 30 meters/98 feet 7/23 55.8 57.0 -1.2 

Average: -0.2 
Notes:. 
1. Predicted levels from Rossi Journal Article equations. 
2. Measured Leq values from data for a similar 3S gondola system provided in Appendix A. 

 
�7�K�H���I�R�O�O�R�Z�L�Q�J���D�V�V�X�P�S�W�L�R�Q�V���U�H�J�D�U�G�L�Q�J���W�K�H���3�U�R�M�H�F�W�¶�V���W�R�Z�H�U�V���Z�H�U�H���X�W�L�O�L�]�H�G���I�R�U���W�K�H���3�U�R�M�H�F�W�¶�V���D�Q�D�O�\�V�L�V�� 

�x �7�R�Z�H�U���W�R���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���U�H�F�H�S�W�R�U���G�L�V�W�D�Q�F�H�V���D�U�H���E�D�V�H�G���R�Q���W�K�H���S�O�D�Q���G�L�V�W�D�Q�F�H���Z�L�W�K���Q�R���H�[�W�U�D��
�G�L�V�W�D�Q�F�H���D�G�G�H�G���W�R���D�F�F�R�X�Q�W���I�R�U���W�R�Z�H�U���K�H�L�J�K�W���W�R���S�U�R�Y�L�G�H���Z�R�U�V�W���F�D�V�H���S�U�R�S�D�J�D�W�L�R�Q���G�L�V�W�D�Q�F�H��
�D�Q�G���D���F�R�Q�V�H�U�Y�D�W�L�Y�H���D�Q�D�O�\�V�L�V�� 

�x �7�K�H���G�X�U�D�W�L�R�Q���R�I���W�L�P�H���W�K�D�W���W�K�H���J�R�Q�G�R�O�D���F�D�E�L�Q���L�V���F�U�R�V�V�L�Q�J���R�Y�H�U���W�K�H���V�X�S�S�R�U�W���V�K�H�D�Y�H�V�����V�X�S�S�R�U�W��
�V�\�V�W�H�P���R�Q���W�R�S���R�I���W�R�Z�H�U�V���W�K�U�R�X�J�K���Z�K�L�F�K���W�K�H���U�R�S�H���S�D�V�V�H�V���X�Q�G�H�U���R�U���R�Y�H�U�����Z�D�V���F�D�O�F�X�O�D�W�H�G���E�\��
�G�L�Y�L�G�L�Q�J���W�K�H���D�V�V�X�P�H�G���O�H�Q�J�W�K���R�I���V�K�H�D�Y�H�V���E�\���W�K�H���O�L�Q�H���V�S�H�H�G�� 

�x �6�K�H�D�Y�H���O�H�Q�J�W�K���Z�D�V���D�V�V�X�P�H�G���W�R���E�H���������I�H�H�W���I�R�U���D�O�O���V�K�H�D�Y�H�V���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�H���3�U�R�M�H�F�W��
�G�H�V�L�J�Q�� 

�x �7�K�H���G�X�U�D�W�L�R�Q���R�I���W�L�P�H���W�K�H���F�D�E�O�H���L�V���S�D�V�V�L�Q�J���R�Y�H�U���W�K�H���V�K�H�D�Y�H�V���E�H�W�Z�H�H�Q���F�D�E�L�Q�V���Z�D�V���I�R�X�Q�G���E�\��
�V�X�E�W�U�D�F�W�L�Q�J���W�K�H���G�X�U�D�W�L�R�Q���R�I���W�L�P�H���W�K�D�W���W�K�H���J�R�Q�G�R�O�D���L�V���F�U�R�V�V�L�Q�J���R�Y�H�U���W�K�H���V�X�S�S�R�U�W���V�K�H�D�Y�H�V��
�I�U�R�P���W�K�H���K�H�D�G�Z�D�\���E�H�W�Z�H�H�Q���J�R�Q�G�R�O�D�V�� 
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�2�S�H�U�D�W�L�R�Q�D�O���6�\�V�W�H�P���6�R�X�Q�G���3�R�Z�H�U���/�H�Y�H�O�V���I�R�U���3�U�H�G�L�F�W�L�R�Q���0�R�G�H�O�V�� 

�7�K�H���U�H�I�H�U�H�Q�F�H���V�R�X�Q�G���S�R�Z�H�U���O�H�Y�H�O���Y�D�O�X�H�V���X�V�H�G���I�R�U���W�K�H���S�U�H�G�L�F�W�L�R�Q���R�I���R�S�H�U�D�W�L�R�Q�D�O���V�\�V�W�H�P���Q�R�L�V�H�����I�R�U��
�V�W�D�W�L�R�Q�V�����M�X�Q�F�W�L�R�Q�����D�Q�G���W�R�Z�H�U�V�����D�V���S�U�R�Y�L�G�H�G���L�Q���W�K�H���5�R�V�V�L���D�U�W�L�F�O�H�����D�U�H���S�U�H�V�H�Q�W�H�G���L�Q���7�D�E�O�H�������������E�H�O�R�Z����
�L�Q�F�O�X�G�L�Q�J�� 

�x �1�R�L�V�H���I�U�R�P���V�W�D�W�L�R�Q�V���D�Q�G���W�K�H���M�X�Q�F�W�L�R�Q�� 

�x �1�R�L�V�H���D�W���W�K�H���W�R�Z�H�U�V���J�H�Q�H�U�D�W�H�G���E�\���W�K�H���U�R�S�H���W�U�D�Y�H�O�L�Q�J���W�K�U�R�X�J�K�����L���H�������E�H�W�Z�H�H�Q���J�R�Q�G�R�O�D��
�F�D�E�L�Q�V�� 

�x �1�R�L�V�H���D�W���W�K�H���W�R�Z�H�U�V���J�H�Q�H�U�D�W�H�G���E�\���D���J�R�Q�G�R�O�D���F�D�E�L�Q���W�U�D�Y�H�O�L�Q�J���W�K�U�R�X�J�K 

�7�K�H���³�2�I�I�V�H�W���D�Q�J�O�H�´���L�V���W�K�H���D�Q�J�O�H���I�U�R�P���W�K�H���Q�R�L�V�H���V�R�X�U�F�H���W�R���W�K�H���Q�R�L�V�H-sensitive receptor; noise levels 
vary depending on this angle.  

�7�D�E�O�H�����������*�R�Q�G�R�O�D���6�\�V�W�H�P���6�R�X�Q�G���3�R�Z�H�U���5�H�I�H�U�H�Q�F�H���/�H�Y�H�O�V�����/�Z�V�J�����G�%�$�� 

Offset angle  
To cable 
(degrees)  

Stations and Junction  
Towers * 
(Rope) 

Towers *  
(Gondola Cabin ) 

11.5 ft/s  
(3.5 m/s) 

16.4 ft/s  
(5.0 m/s) 

11.5 ft/s  
(3.5 m/s) 

16.4 ft/s  
(5.0 m/s) 

11.5 ft/s  
(3.5 m/s) 

16.4 ft/s  
(5.0 m/s) 

0 71 76 70.5 75 80 84.5 

45 71 75.5 -- -- 80 84.5 

90 71 74 71.5 76 80 84.5 

135 71 75.5 -- -- 80 84.5 

180 72 77 70.5 75 80 84.5 

225 72 75.5 -- -- 80 84.5 

270 72.5 75.5 71.5 76 80 84.5 

315 72 76 -- -- 80 84.5 
Source:  Rossi and Nicolini, 2011 
*Tower sound power levels assume hold down sheaves, which are the tower components over which the rope 
travels, as they are slightly more conservative than other referenced sheave types. 
*Station sound power levels �D�V�V�X�P�H�G���W�K�H���O�R�X�G�H�U���³�S�R�Z�H�U�H�G�´��stations. 

 

5.3.1 �3�D�V�V�H�Q�J�H�U���1�R�L�V�H 

�3�D�V�V�H�Q�J�H�U���Q�R�L�V�H���Z�D�V���F�D�O�F�X�O�D�W�H�G���X�V�L�Q�J���U�H�I�H�U�H�Q�F�H���Y�D�O�X�H�V���D�V���V�K�R�Z�Q���L�Q���7�D�E�O�H�������������D�Q�G���V�W�D�Q�G�D�U�G��
�Q�R�L�V�H���S�U�R�S�D�J�D�W�L�R�Q���H�T�X�D�W�L�R�Q�V�����2�O�V�H�Q���������� �����Z�L�W�K���P�R�G�H�O���L�Q�S�X�W�V���E�H�L�Q�J���R�Y�H�U�D�O�O���S�D�V�V�H�Q�J�H�U���T�X�H�X�L�Q�J��
�Q�X�P�E�H�U���H�V�W�L�P�D�W�H�V���D�F�F�R�P�S�D�Q�L�H�G���E�\���S�H�U�F�H�Q�W�D�J�H���E�U�H�D�N�G�R�Z�Q�V���E�\���J�H�Q�G�H�U���D�J�H���D�Q�G���Y�R�F�D�O���H�I�I�R�U�W��
���H�[�S�O�D�L�Q�H�G���P�R�U�H���L�Q���W�K�H���R�S�H�U�D�W�L�R�Q�D�O���D�V�V�X�P�S�W�L�R�Q�V���V�H�F�W�L�R�Q���� 

�7�D�E�O�H�����������3�D�V�V�H�Q�J�H�U���1�R�L�V�H���5�H�I�H�U�H�Q�F�H���9�D�O�X�H�V���L�Q���/ �H�T�����G�%�$���D�W�����������I�H�H�W���������P�H�W�H�U�� 

Gender /age Casual  Normal  Raised  Loud  Shouted  
Females 50 55 63 71 82 
Males 52 58 65 76 89 
Children 53 58 65 74 82 

�6�R�X�U�F�H�����2�O�V�H�Q���������� 

�&�R�Q�V�H�U�Y�D�W�L�Y�H�O�\�����W�K�H���S�D�V�V�H�Q�J�H�U���Q�R�L�V�H���P�R�G�H�O�L�Q�J���D�V�V�X�P�S�W�L�R�Q�V���X�W�L�O�L�]�H�G���L�Q���W�K�H���D�Q�D�O�\�V�L�V���I�R�U���D�O�O��
�R�S�H�U�D�W�L�R�Q�D�O���V�F�H�Q�D�U�L�R�V���D�U�H���W�K�R�V�H���W�K�D�W���D�U�H���D�S�S�O�L�F�D�E�O�H���W�R���W�K�H���'�R�G�J�H�U���*�D�P�H���'�D�\���V�F�H�Q�D�U�L�R���D�V���S�D�U�W���R�I��
�W�K�H�������������K�R�U�L�]�R�Q���\�H�D�U�����Z�K�L�F�K���Z�R�X�O�G���J�H�Q�H�U�D�W�H���W�K�H���K�L�J�K�H�V�W���U�L�G�H�U�V�K�L�S���D�Q�G���W�K�H�U�H�I�R�U�H���W�K�H���K�L�J�K�H�V�W��
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�S�D�V�V�H�Q�J�H�U���Q�R�L�V�H���O�H�Y�H�O�V�����7�K�H���'�R�G�J�H�U���*�D�P�H���'�D�\���V�F�H�Q�D�U�L�R���X�W�L�O�L�]�H�G���W�K�H���I�R�O�O�R�Z�L�Q�J���D�V�V�X�P�S�W�L�R�Q�V����
�Z�K�L�F�K���D�U�H���G�L�V�F�X�V�V�H�G���I�X�U�W�K�H�U���L�Q���6�H�F�W�L�R�Q�������������� 

�x �3�D�V�V�H�Q�J�H�U���E�U�H�D�N�G�R�Z�Q���������������P�D�O�H�V�������������I�H�P�D�O�H�V�������������F�K�L�O�G�U�H�Q���� 

�x �9�R�F�D�O���(�I�I�R�U�W���������������Q�R�W���W�D�O�N�L�Q�J�����R�I���W�K�H�����������W�D�O�N�L�Q�J�������������Q�R�U�P�D�O�������������U�D�L�V�H�G�����������O�R�X�G���� 

5.3.2 �*�R�Q�G�R�O�D���&�D�E�L�Q���1�R�L�V�H 

�,�Q���D�G�G�L�W�L�R�Q���W�R���W�K�H���S�U�L�P�D�U�\���R�S�H�U�D�W�L�R�Q�D�O���Q�R�L�V�H���O�H�Y�H�O�V���I�U�R�P���W�K�H���V�W�D�W�L�R�Q�V�����M�X�Q�F�W�L�R�Q�����W�R�Z�H�U�V���D�Q�G��
�S�D�V�V�H�Q�J�H�U�V���D�W���V�W�D�W�L�R�Q�V���D�V���G�L�V�F�X�V�V�H�G���D�E�R�Y�H�����D�Q���D�Q�D�O�\�V�L�V���Z�D�V���D�O�V�R���F�R�Q�G�X�F�W�H�G���W�R���D�V�V�H�V�V���W�K�H���Q�R�L�V�H��
�I�U�R�P���W�K�H���J�R�Q�G�R�O�D���F�D�E�L�Q�V���W�K�H�P�V�H�O�Y�H�V���D�V���W�K�H�\���W�U�D�Y�H�O���E�H�W�Z�H�H�Q���D�Q�G���Z�L�W�K�L�Q���W�K�H���V�W�D�W�L�R�Q�V�����W�R�Z�H�U�V���D�Q�G��
�M�X�Q�F�W�L�R�Q���L�Q���S�U�R�[�L�P�L�W�\���W�R���U�H�F�H�S�W�R�U���O�R�F�D�W�L�R�Q�V�����:�K�L�O�H���W�K�H���F�D�E�L�Q�V���W�K�H�P�V�H�O�Y�H�V���Z�R�X�O�G���E�H���P�R�V�W�O�\���V�L�O�H�Q�W����
�V�R�P�H���Q�R�L�V�H���P�L�J�K�W���E�H���H�[�S�H�F�W�H�G���I�U�R�P���W�K�H���S�H�R�S�O�H���W�U�D�Y�H�O�L�Q�J���L�Q�V�L�G�H���W�K�H���F�D�E�L�Q���D�Q�G���D�Q�\���K�H�D�W�L�Q�J����
�Y�H�Q�W�L�O�D�W�L�R�Q�����D�Q�G���D�L�U���F�R�Q�G�L�W�L�R�Q�L�Q�J�����+�9�$�&�����H�T�X�L�S�P�H�Q�W���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���F�D�E�L�Q���� 

�)�R�U���W�K�L�V���D�Q�D�O�\�V�L�V�����W�K�H���F�O�R�V�H�V�W���G�L�V�W�D�Q�F�H���I�U�R�P���W�K�H���F�D�E�L�Q���S�D�W�K���W�R���W�K�H���U�H�F�H�S�W�R�U���Z�D�V���F�D�O�F�X�O�D�W�H�G�����W�K�H��
�Q�X�P�E�H�U���D�Q�G���P�L�[���R�I���S�H�R�S�O�H���L�Q�V�L�G�H���W�K�H���F�D�E�L�Q���Z�D�V���F�R�Q�V�L�G�H�U�H�G�����D�V�V�X�P�L�Q�J���X�S���W�R���������S�H�R�S�O�H���S�H�U���F�D�E�L�Q��
�Z�L�W�K���D�F�R�X�V�W�L�F�D�O���D�V�V�X�P�S�W�L�R�Q�V���V�L�P�L�O�D�U���W�R���W�K�R�V�H���S�U�H�V�H�Q�W�H�G���D�E�R�Y�H�������W�K�H���W�\�S�L�F�D�O���Q�R�L�V�H���U�H�G�X�F�W�L�R�Q���I�R�U��
�V�W�D�Q�G�D�U�G���D�X�W�R�P�R�W�L�Y�H���V�D�I�H�W�\���J�O�D�V�V�����D�S�S�U�R�[�L�P�D�W�H�O�\���������G�%�$�������D�V���Z�H�O�O���D�V���D���P�D�[�L�P�X�P���D�O�O�R�Z�D�E�O�H��
�V�R�X�Q�G���S�R�Z�H�U���O�H�Y�H�O���D�O�O�R�Z�H�G���I�R�U���W�K�H���+�9�$�&���X�Q�L�W�V���L�Q���R�U�G�H�U���I�R�U���W�K�H���U�H�V�X�O�W�L�Q�J���Q�R�L�V�H���O�H�Y�H�O���D�W���W�K�H���Q�H�D�U�H�V�W��
�U�H�F�H�S�W�R�U���W�R���E�H���D�W���O�H�D�V�W���������G�%�$���E�H�O�R�Z���W�K�H���H�[�S�H�F�W�H�G���Q�L�J�K�W�W�L�P�H���D�P�E�L�H�Q�W���Q�R�L�V�H���O�H�Y�H�O�����7�K�H�V�H��
�U�H�T�X�L�U�H�P�H�Q�W�V���D�U�H���O�L�V�W�H�G���D�V���3�U�R�M�H�F�W���'�H�V�L�J�Q���)�H�D�W�X�U�H�����3�'�)�����1�2�,���3�'�) ���$���L�Q���6�H�F�W�L�R�Q�������E�H�O�R�Z���� 

5.3.3 ���&�R�P�E�L�Q�H�G���2�S�H�U�D�W�L�R�Q�D�O���1�R�L�V�H 

�7�K�H���F�R�P�E�L�Q�H�G���R�S�H�U�D�W�L�R�Q�D�O���Q�R�L�V�H���D�W���D�Q�\���D�Q�D�O�\�V�L�V���O�R�F�D�W�L�R�Q���L�V���W�K�H���H�Q�H�U�J�\���V�X�P���R�I���W�K�H���V�\�V�W�H�P���Q�R�L�V�H��
���V�W�D�W�L�R�Q�V�����M�X�Q�F�W�L�R�Q�����D�Q�G���R�U���W�R�Z�H�U�V�������S�D�V�V�H�Q�J�H�U���Q�R�L�V�H���V�R�X�U�F�H�V�����V�W�D�W�L�R�Q�V�������D�Q�G���F�D�E�L�Q�V���Z�L�W�K�L�Q�����������I�H�H�W��
�R�I���W�K�H���D�Q�D�O�\�V�L�V���O�R�F�D�W�L�R�Q�����D�V���F�D�O�F�X�O�D�W�H�G���L�Q���K�R�X�U�O�\���/�H�T�����D�Q�G���&�1�(�/�����L�Q���G�%�$���� 

5.4 �2�S�H�U�D�W�L�R�Q�D�O���9�L�E�U�D�W�L�R�Q 
�*�U�R�X�Q�G���E�R�U�Q�H���Y�L�E�U�D�W�L�R�Q���L�P�S�D�F�W�V���G�X�H���W�R���W�K�H���3�U�R�M�H�F�W�¶�V���R�S�H�U�D�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V���Z�H�U�H���H�Y�D�O�X�D�W�H�G���E�\��
�L�G�H�Q�W�L�I�\�L�Q�J���S�R�W�H�Q�W�L�D�O���Y�L�E�U�D�W�L�R�Q���V�R�X�U�F�H�V���D�Q�G���H�Y�D�O�X�D�W�L�Q�J���S�R�W�H�Q�W�L�D�O���Y�L�E�U�D�W�L�R�Q���R�X�W�V�L�G�H���R�I���W�K�H���3�U�R�M�H�F�W��
�I�R�R�W�S�U�L�Q�W�� 

5.5 �7�K�U�H�V�K�R�O�G�V���R�I���6�L�J�Q�L�I�L�F�D�Q�F�H 
�$�S�S�H�Q�G�L�[���*���R�I���W�K�H���6�W�D�W�H���&�(�4�$���*�X�L�G�H�O�L�Q�H�V���S�U�R�Y�L�G�H�V���D���V�H�W���R�I���V�F�U�H�H�Q�L�Q�J���T�X�H�V�W�L�R�Q�V���W�K�D�W���D�U�H��
�L�Q�W�H�Q�G�H�G���W�R���D�V�V�L�V�W���O�H�D�G���D�J�H�Q�F�L�H�V���Z�K�H�Q���D�V�V�H�V�V�L�Q�J���D���S�U�R�M�H�F�W�¶�V���S�R�W�H�Q�W�L�D�O���L�P�S�D�F�W�V���Z�L�W�K���U�H�J�D�U�G���W�R��
�Q�R�L�V�H���D�Q�G���Y�L�E�U�D�W�L�R�Q�����7�K�H�V�H���T�X�H�V�W�L�R�Q�V���D�U�H���D�V���I�R�O�O�R�Z�V�� 

�:�R�X�O�G���W�K�H���3�U�R�M�H�F�W���U�H�V�X�O�W���L�Q�� 

a. �*�H�Q�H�U�D�W�L�R�Q���R�I���D���V�X�E�V�W�D�Q�W�L�D�O���W�H�P�S�R�U�D�U�\���R�U���S�H�U�P�D�Q�H�Q�W���L�Q�F�U�H�D�V�H���L�Q���D�P�E�L�H�Q�W���Q�R�L�V�H���O�H�Y�H�O�V���L�Q��
�W�K�H���Y�L�F�L�Q�L�W�\���R�I���W�K�H���S�U�R�M�H�F�W���L�Q���H�[�F�H�V�V���R�I���V�W�D�Q�G�D�U�G�V���H�V�W�D�E�O�L�V�K�H�G���L�Q���W�K�H���O�R�F�D�O���J�H�Q�H�U�D�O���S�O�D�Q���R�U��
�Q�R�L�V�H���R�U�G�L�Q�D�Q�F�H�����R�U���D�S�S�O�L�F�D�E�O�H���V�W�D�Q�G�D�U�G�V���R�I���R�W�K�H�U���D�J�H�Q�F�L�H�V�"�� 

b. �*�H�Q�H�U�D�W�L�R�Q���R�I���H�[�F�H�V�V�L�Y�H���J�U�R�X�Q�G���E�R�U�Q�H���Y�L�E�U�D�W�L�R�Q���R�U���J�U�R�X�Q�G���E�R�U�Q�H���Q�R�L�V�H���O�H�Y�H�O�V�"�� 

c. �)�R�U���D���S�U�R�M�H�F�W���O�R�F�D�W�H�G���Z�L�W�K�L�Q���W�K�H���Y�L�F�L�Q�L�W�\���R�I���D���S�U�L�Y�D�W�H���D�L�U�V�W�U�L�S���R�U���D�Q���D�L�U�S�R�U�W���O�D�Q�G���X�V�H���S�O�D�Q���R�U����
�Z�K�H�U�H���V�X�F�K���D���S�O�D�Q���K�D�V���Q�R�W���E�H�H�Q���D�G�R�S�W�H�G�����Z�L�W�K�L�Q���W�Z�R���P�L�O�H�V���R�I���D���S�X�E�O�L�F���D�L�U�S�R�U�W���R�U���S�X�E�O�L�F��
�X�V�H���D�L�U�S�R�U�W�����Z�R�X�O�G���W�K�H���S�U�R�M�H�F�W���H�[�S�R�V�H���S�H�R�S�O�H���U�H�V�L�G�L�Q�J���R�U���Z�R�U�N�L�Q�J���L�Q���W�K�H���S�U�R�M�H�F�W���D�U�H�D���W�R��
�H�[�F�H�V�V�L�Y�H���Q�R�L�V�H���O�H�Y�H�O�V�" 
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�)�R�U���S�X�U�S�R�V�H�V���R�I���W�K�L�V���S�U�R�S�R�V�H�G���3�U�R�M�H�F�W�����I�R�U���Z�K�L�F�K���0�H�W�U�R���L�V���W�K�H���/�H�D�G���$�J�H�Q�F�\���D�Q�G���W�K�H���&�L�W�\���L�V���D��
�U�H�V�S�R�Q�V�L�E�O�H���D�J�H�Q�F�\�����E�X�W���Z�K�L�F�K���L�V���S�U�R�S�R�V�H�G���E�\���W�K�H���S�U�L�Y�D�W�H���3�U�R�M�H�F�W���6�S�R�Q�V�R�U�����E�R�W�K���0�H�W�U�R�¶�V��
�W�K�U�H�V�K�R�O�G�V���D�Q�G���W�K�H���&�L�W�\�¶�V���W�K�U�H�V�K�R�O�G�V���D�U�H���L�Q�F�O�X�G�H�G���D�V���S�D�U�W���R�I���W�K�H���D�Q�D�O�\�V�L�V�����0�H�W�U�R���D�S�S�O�L�H�V���W�K�H���)�7�$��
�L�P�S�D�F�W���F�U�L�W�H�U�L�D���I�R�U���E�R�W�K���Q�R�L�V�H���D�Q�G���Y�L�E�U�D�W�L�R�Q�����7�K�H���&�L�W�\���X�W�L�O�L�]�H�V���W�K�U�H�V�K�R�O�G�V���I�U�R�P���W�K�H���&�L�W�\�¶�V�������������/���$����
�&�(�4�$���7�K�U�H�V�K�R�O�G�V���*�X�L�G�H���D�Q�G���W�K�H���/�$�0�&���I�R�U���Q�R�L�V�H�����Z�K�L�F�K���D�U�H���J�H�Q�H�U�D�O�O�\���Q�R�W���X�W�L�O�L�]�H�G���E�\���0�H�W�U�R�����E�X�W��
�D�U�H���L�Q�F�O�X�G�H�G���I�R�U���S�X�U�S�R�V�H�V���R�I���W�K�L�V���'�U�D�I�W���(�,�5�����)�R�U���Y�L�E�U�D�W�L�R�Q�����W�K�H���&�L�W�\���R�I���/�R�V���$�Q�J�H�O�H�V���D�O�V�R���X�V�H�V���W�K�H��
�)�7�$���L�P�S�D�F�W���F�U�L�W�H�U�L�D��

5.5.1 �&�R�Q�V�W�U�X�F�W�L�R�Q���,�P�S�D�F�W���7�K�U�H�V�K�R�O�G�V

5.5.1.1 �1�R�L�V�H���7�K�U�H�V�K�R�O�G�V

�0�H�W�U�R���X�V�H�V���W�K�H���I�R�O�O�R�Z�L�Q�J���Q�R�L�V�H���W�K�U�H�V�K�R�O�G��

�)�U�R�P���W�K�H���)�7�$���0�D�Q�X�D�O�����D���V�L�J�Q�L�I�L�F�D�Q�W���Q�R�L�V�H���L�P�S�D�F�W���Z�R�X�O�G���H�[�L�V�W���L�I��

�7�K�H���3�U�R�M�H�F�W���F�R�Q�V�W�U�X�F�W�L�R�Q���Q�R�L�V�H���O�H�Y�H�O���Z�R�X�O�G���H�[�F�H�H�G���D���G�D�\�W�L�P�H���/�H�T���R�I���������G�%�$���D�W���D���U�H�V�L�G�H�Q�W�L�D�O����
�V�F�K�R�R�O�����F�K�X�U�F�K���S�U�R�S�H�U�W�\�����R�U���S�D�U�N���X�V�H���R�U���������G�%�$���D�W���D���F�R�P�P�H�U�F�L�D�O���S�U�R�S�H�U�W�\��

�7�K�H���&�L�W�\���R�I���/�R�V���$�Q�J�H�O�H�V���X�V�H�V���W�K�H���I�R�O�O�R�Z�L�Q�J���Q�R�L�V�H���W�K�U�H�V�K�R�O�G�V��

�7�K�H���/���$�����&�(�4�$���7�K�U�H�V�K�R�O�G�V���*�X�L�G�H���L�G�H�Q�W�L�I�L�H�V���W�K�H���I�R�O�O�R�Z�L�Q�J���F�U�L�W�H�U�L�D���W�R���H�Y�D�O�X�D�W�H���F�R�Q�V�W�U�X�F�W�L�R�Q���Q�R�L�V�H��

�x �&�R�Q�V�W�U�X�F�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V���O�D�V�W�L�Q�J���P�R�U�H���W�K�D�Q���R�Q�H���G�D�\���Z�R�X�O�G���H�[�F�H�H�G���D�P�E�L�H�Q�W���H�[�W�H�U�L�R�U���Q�R�L�V�H
�O�H�Y�H�O�V���E�\���������G�%�$���R�U���P�R�U�H���D�W���D���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���X�V�H��

�x �&�R�Q�V�W�U�X�F�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V���O�D�V�W�L�Q�J���P�R�U�H���W�K�D�Q���������G�D�\�V���L�Q���D���W�K�U�H�H���P�R�Q�W�K���S�H�U�L�R�G���Z�R�X�O�G���H�[�F�H�H�G
�D�P�E�L�H�Q�W���H�[�L�V�W�L�Q�J���H�[�W�H�U�L�R�U���Q�R�L�V�H���O�H�Y�H�O�V���E�\�������G�%�$���R�U���P�R�U�H���D�W���D���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���X�V�H�����R�U

�x �&�R�Q�V�W�U�X�F�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V���Q�R�L�V�H���O�H�Y�H�O���Z�R�X�O�G���H�[�F�H�H�G���W�K�H���D�P�E�L�H�Q�W���Q�R�L�V�H���O�H�Y�H�O���E�\�������G�%�$���R�U���P�R�U�H
�D�W���D���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���X�V�H���E�H�W�Z�H�H�Q���W�K�H���K�R�X�U�V���R�I�������������3�0���D�Q�G�������������$�0���0�R�Q�G�D�\���W�K�U�R�X�J�K��
�)�U�L�G�D�\�����E�H�I�R�U�H�������������$�0���R�U���D�I�W�H�U�������������3�0���R�Q���6�D�W�X�U�G�D�\�����R�U���D�Q�\�W�L�P�H���R�Q���6�X�Q�G�D�\��

�/�$�0�&���6�H�F�W�L�R�Q�����������������L�G�H�Q�W�L�I�L�H�V���W�K�H���I�R�O�O�R�Z�L�Q�J���F�U�L�W�H�U�L�D���W�R���H�Y�D�O�X�D�W�H���F�R�Q�V�W�U�X�F�W�L�R�Q���Q�R�L�V�H��

�x �%�H�W�Z�H�H�Q���W�K�H���K�R�X�U�V���R�I�������������$�0���D�Q�G���������������3�0�����L�Q���D�Q�\���U�H�V�L�G�H�Q�W�L�D�O���]�R�Q�H���R�I���W�K�H���&�L�W�\���R�U���Z�L�W�K�L�Q
���������I�H�H�W���W�K�H�U�H�R�I�����W�K�H���P�D�[�L�P�X�P���D�O�O�R�Z�D�E�O�H���Q�R�L�V�H���O�H�Y�H�O���I�R�U���F�R�Q�V�W�U�X�F�W�L�R�Q���H�T�X�L�S�P�H�Q�W���L�V���������G�%�$��
�Z�K�H�Q���P�H�D�V�X�U�H�G���D�W���������I�H�H�W���I�U�R�P���W�K�H���Q�R�L�V�H���V�R�X�U�F�H�����6�D�L�G���Q�R�L�V�H���O�L�P�L�W�D�W�L�R�Q�V���V�K�D�O�O���Q�R�W���D�S�S�O�\��
�Z�K�H�U�H���F�R�P�S�O�L�D�Q�F�H���W�K�H�U�H�Z�L�W�K���L�V���W�H�F�K�Q�L�F�D�O�O�\���L�Q�I�H�D�V�L�E�O�H���G�H�V�S�L�W�H���W�K�H���X�V�H���R�I���P�X�I�I�O�H�U�V�����V�K�L�H�O�G�V����
�V�R�X�Q�G���E�D�U�U�L�H�U�V���D�Q�G���R�U���R�W�K�H�U���Q�R�L�V�H���U�H�G�X�F�W�L�R�Q���G�H�Y�L�F�H���R�U���W�H�F�K�Q�L�T�X�H�V���G�X�U�L�Q�J���W�K�H���R�S�H�U�D�W�L�R�Q���R�I��
�W�K�H���H�T�X�L�S�P�H�Q�W��

�)�R�U���S�X�U�S�R�V�H�V���R�I���D�Q�D�O�\�]�L�Q�J���F�R�Q�V�W�U�X�F�W�L�R�Q���L�P�S�D�F�W�V���L�Q���W�K�L�V���(�,�5�����W�K�L�V���/���$�����0�X�Q�L�F�L�S�D�O���&�R�G�H���V�W�D�Q�G�D�U�G���Z�L�O�O��
�E�H���H�[�S�D�Q�G�H�G���W�R���L�Q�F�O�X�G�H���V�H�Q�V�L�W�L�Y�H���X�V�H�V���L�Q���D�G�G�L�W�L�R�Q���W�R���D���³�U�H�V�L�G�H�Q�W�L�D�O���]�R�Q�H�´���D�Q�G���Z�L�O�O���Q�R�W���L�Q�F�O�X�G�H���W�K�H��
�Z�D�L�Y�H�U���I�R�U���W�K�H���O�L�P�L�W�D�W�L�R�Q���Z�K�H�U�H���U�H�G�X�F�L�Q�J���Q�R�L�V�H���E�H�O�R�Z���������G�%�$���L�V���W�H�F�K�Q�L�F�D�O�O�\���L�Q�I�H�D�V�L�E�O�H��

5.5.1.2 �9�L�E�U�D�W�L�R�Q���7�K�U�H�V�K�R�O�G�V

�0�H�W�U�R���D�Q�G���W�K�H���&�L�W�\���R�I���/�R�V���$�Q�J�H�O�H�V���E�R�W�K���X�V�H���W�K�H���I�R�O�O�R�Z�L�Q�J���Y�L�E�U�D�W�L�R�Q���W�K�U�H�V�K�R�O�G�V����

�)�U�R�P���)�7�$���*�X�L�G�D�Q�F�H�����D���V�L�J�Q�L�I�L�F�D�Q�W���Y�L�E�U�D�W�L�R�Q���L�P�S�D�F�W���Z�R�X�O�G���H�[�L�V�W���L�I��

�x �)�R�U���K�X�P�D�Q���D�Q�Q�R�\�D�Q�F�H�����J�U�R�X�Q�G���Y�L�E�U�D�W�L�R�Q���O�H�Y�H�O�V���H�[�F�H�H�G���������9�G�%���D�W���U�H�V�L�G�H�Q�W�L�D�O���V�W�U�X�F�W�X�U�H�V��
�R�U���������9�G�%���D�W���L�Q�V�W�L�W�X�W�L�R�Q���O�D�Q�G���X�V�H�V��

�x �)�R�U���S�R�W�H�Q�W�L�D�O���V�W�U�X�F�W�X�U�D�O���G�D�P�D�J�H�����J�U�R�X�Q�G���Y�L�E�U�D�W�L�R�Q���O�H�Y�H�O�V���H�[�F�H�H�G�L�Q�J��
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o ���������3�3�9�����L�Q�F�K�H�V���S�H�U���V�H�F�R�Q�G�����I�R�U���F�D�W�H�J�R�U�\�������E�X�L�O�G�L�Q�J�V�����U�H�L�Q�I�R�U�F�H�G���F�R�Q�F�U�H�W�H�����V�W�H�H�O���R�U��
�W�L�P�E�H�U�����Q�R���S�O�D�V�W�H�U���� 

o ���������3�3�9�����L�Q�F�K�H�V���S�H�U���V�H�F�R�Q�G�����I�R�U���F�D�W�H�J�R�U�\�������E�X�L�O�G�L�Q�J�V�����H�Q�J�L�Q�H�H�U�H�G���F�R�Q�F�U�H�W�H���D�Q�G��
�P�D�V�R�Q�U�\�����Q�R���S�O�D�V�W�H�U���� 

o ���������3�3�9�����L�Q�F�K�H�V���S�H�U���V�H�F�R�Q�G�����I�R�U���F�D�W�H�J�R�U�\�������E�X�L�O�G�L�Q�J�V�����Q�R�Q���H�Q�J�L�Q�H�H�U�H�G���W�L�P�E�H�U���D�Q�G��
�P�D�V�R�Q�U�\���E�X�L�O�G�L�Q�J�V�� 

o �����������3�3�9�����L�Q�F�K�H�V���S�H�U���V�H�F�R�Q�G�����I�R�U���F�D�W�H�J�R�U�\�������E�X�L�O�G�L�Q�J�V�����E�X�L�O�G�L�Q�J�V���H�[�W�U�H�P�H�O�\��
�V�X�V�F�H�S�W�L�E�O�H���W�R���Y�L�E�U�D�W�L�R�Q���G�D�P�D�J�H�� 

�%�D�V�H�G���R�Q���W�K�H���J�X�L�G�D�Q�F�H���S�U�R�Y�L�G�H�G���D�E�R�Y�H�����D�Q�G���D�V���F�R�Q�V�W�U�X�F�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V���I�R�U���W�K�H���3�U�R�M�H�F�W���Z�R�X�O�G���O�D�V�W��
�P�R�U�H���W�K�D�Q���������G�D�\�V���L�Q���D���W�K�U�H�H���P�R�Q�W�K���S�H�U�L�R�G�����W�K�H���D�S�S�O�L�F�D�E�O�H���F�R�Q�V�W�U�X�F�W�L�R�Q���U�H�O�D�W�H�G���Q�R�L�V�H���D�Q�G��
�Y�L�E�U�D�W�L�R�Q���W�K�U�H�V�K�R�O�G�V���I�R�U���W�K�H���3�U�R�M�H�F�W���D�U�H�� 

�x �1�R�L�V�H���������$���S�U�R�M�H�F�W���Z�R�X�O�G���Q�R�U�P�D�O�O�\���K�D�Y�H���D���V�L�J�Q�L�I�L�F�D�Q�W���L�P�S�D�F�W���R�Q���Q�R�L�V�H���O�H�Y�H�O�V���I�U�R�P��
�F�R�Q�V�W�U�X�F�W�L�R�Q���L�I���F�R�Q�V�W�U�X�F�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V���O�D�V�W�L�Q�J���P�R�U�H���W�K�D�Q���������G�D�\�V���L�Q���D���W�K�U�H�H���P�R�Q�W�K���S�H�U�L�R�G��
�Z�R�X�O�G���H�[�F�H�H�G���H�[�L�V�W�L�Q�J���D�P�E�L�H�Q�W���H�[�W�H�U�L�R�U���Q�R�L�V�H���O�H�Y�H�O�V���E�\�������G�%�$���/�H�T���G�D�\�����R�U���P�R�U�H���D�W���D��
�Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���X�V�H�����&�L�W�\�����/���$�����&�(�4�$���7�K�U�H�V�K�R�O�G�V���*�X�L�G�H������ 

�x �1�R�L�V�H���������$���V�L�J�Q�L�I�L�F�D�Q�W���Q�R�L�V�H���L�P�S�D�F�W���Z�R�X�O�G���H�[�L�V�W���L�I���Q�R�L�V�H���I�U�R�P���F�R�Q�V�W�U�X�F�W�L�R�Q���H�T�X�L�S�P�H�Q�W��
�J�H�Q�H�U�D�W�H�V���Q�R�L�V�H���O�H�Y�H�O�V���J�U�H�D�W�H�U���W�K�D�Q���������G�%�$���D�W���D���G�L�V�W�D�Q�F�H���R�I���������I�H�H�W���I�U�R�P���W�K�H���V�R�X�U�F�H��
�E�H�W�Z�H�H�Q�������������$�0���D�Q�G���������������3�0�����&�L�W�\�����/�$�0�&������ 

�x �1�R�L�V�H���������$���V�L�J�Q�L�I�L�F�D�Q�W���Q�R�L�V�H���L�P�S�D�F�W���Z�R�X�O�G���H�[�L�V�W���L�I���W�K�H���3�U�R�M�H�F�W���F�R�Q�V�W�U�X�F�W�L�R�Q���Q�R�L�V�H���O�H�Y�H�O��
�Z�R�X�O�G���H�[�F�H�H�G���������G�%�$���/�H�T���G�D�\�����D�W���U�H�V�L�G�H�Q�W�L�D�O���S�U�R�S�H�U�W�L�H�V�����F�K�X�U�F�K�H�V�����V�F�K�R�R�O�V�����D�Q�G���S�D�U�N�V�����R�U��������
�G�%�$���/�H�T���G�D�\�����D�W���F�R�P�P�H�U�F�L�D�O���S�U�R�S�H�U�W�L�H�V�����0�H�W�U�R�����)�7�$���� 

�x �9�L�E�U�D�W�L�R�Q���������$���V�L�J�Q�L�I�L�F�D�Q�W���Y�L�E�U�D�W�L�R�Q���L�P�S�D�F�W���Z�R�X�O�G���H�[�L�V�W���I�R�U���K�X�P�D�Q���D�Q�Q�R�\�D�Q�F�H���L�I���J�U�R�X�Q�G��
�Y�L�E�U�D�W�L�R�Q���O�H�Y�H�O�V���H�[�F�H�H�G���������9�G�%���D�W���U�H�V�L�G�H�Q�W�L�D�O���V�W�U�X�F�W�X�U�H�V�����R�U���������9�G�%���D�W���L�Q�V�W�L�W�X�W�L�R�Q�D�O��
�V�W�U�X�F�W�X�U�H�V�����)�R�U���S�R�W�H�Q�W�L�D�O���V�W�U�X�F�W�X�U�D�O���G�D�P�D�J�H�����D���V�L�J�Q�L�I�L�F�D�Q�W���Y�L�E�U�D�W�L�R�Q���L�P�S�D�F�W���Z�R�X�O�G���H�[�L�V�W���L�I��
�J�U�R�X�Q�G���Y�L�E�U�D�W�L�R�Q���O�H�Y�H�O�V���H�[�F�H�H�G���� 

o ���������3�3�9�����L�Q�F�K�H�V���S�H�U���V�H�F�R�Q�G�����I�R�U���F�D�W�H�J�R�U�\�������E�X�L�O�G�L�Q�J�V�����U�H�L�Q�I�R�U�F�H�G���F�R�Q�F�U�H�W�H�����V�W�H�H�O���R�U��
�W�L�P�E�H�U�����Q�R���S�O�D�V�W�H�U�������±�����)�7�$�� 

o ���������3�3�9�����L�Q�F�K�H�V���S�H�U���V�H�F�R�Q�G�����I�R�U���F�D�W�H�J�R�U�\�������E�X�L�O�G�L�Q�J�V�����H�Q�J�L�Q�H�H�U�H�G���F�R�Q�F�U�H�W�H���D�Q�G��
�P�D�V�R�Q�U�\�����Q�R���S�O�D�V�W�H�U�������±�����)�7�$�� 

o ���������3�3�9�����L�Q�F�K�H�V���S�H�U���V�H�F�R�Q�G�����I�R�U���F�D�W�H�J�R�U�\�������E�X�L�O�G�L�Q�J�V�����Q�R�Q���H�Q�J�L�Q�H�H�U�H�G���W�L�P�E�H�U���D�Q�G��
�P�D�V�R�Q�U�\���E�X�L�O�G�L�Q�J�V�����±�����)�7�$���� 

o �����������3�3�9�����L�Q�F�K�H�V���S�H�U���V�H�F�R�Q�G�����I�R�U���F�D�W�H�J�R�U�\�������E�X�L�O�G�L�Q�J�V�����E�X�L�O�G�L�Q�J�V���H�[�W�U�H�P�H�O�\��
�V�X�V�F�H�S�W�L�E�O�H���W�R���Y�L�E�U�D�W�L�R�Q���G�D�P�D�J�H�����±�����)�7�$�� 

5.5.2 �2�S�H�U�D�W�L�R�Q�D�O���,�P�S�D�F�W���7�K�U�H�V�K�R�O�G�V 

�0�H�W�U�R���X�V�H�V���W�K�H���I�R�O�O�R�Z�L�Q�J���R�S�H�U�D�W�L�R�Q�D�O���Q�R�L�V�H���W�K�U�H�V�K�R�O�G�� 

�)�U�R�P���W�K�H���)�7�$���0�D�Q�X�D�O�����D���V�L�J�Q�L�I�L�F�D�Q�W���Q�R�L�V�H���L�P�S�D�F�W���Z�R�X�O�G���H�[�L�V�W���L�I���� 

�x �7�K�H���S�U�R�M�H�F�W���Q�R�L�V�H���O�H�Y�H�O���Z�R�X�O�G���U�H�V�X�O�W���L�Q���D���³�V�H�Y�H�U�H���L�P�S�D�F�W�´���D�W���O�H�Y�H�O�V���U�D�Q�J�L�Q�J���I�U�R�P���������W�R��������
�G�%�$���G�H�S�H�Q�G�L�Q�J���R�Q���H�[�L�V�W�L�Q�J���Q�R�L�V�H���H�[�S�R�V�X�U�H�����L�Q���D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���)�L�J�X�U�H�����������L�Q���6�H�F�W�L�R�Q��
�������������D�E�R�Y�H�� 
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�7�K�H���&�L�W�\���R�I���/�R�V���$�Q�J�H�O�H�V���X�V�H�V���W�K�H���I�R�O�O�R�Z�L�Q�J���R�S�H�U�D�W�L�R�Q�D�O���Q�R�L�V�H���W�K�U�H�V�K�R�O�G�V�� 

�7�K�H���/���$�����&�(�4�$���7�K�U�H�V�K�R�O�G�V���*�X�L�G�H���V�W�D�W�H�V���W�K�D�W���D���S�U�R�M�H�F�W���Z�R�X�O�G���Q�R�U�P�D�O�O�\���K�D�Y�H���D���V�L�J�Q�L�I�L�F�D�Q�W���L�P�S�D�F�W��
�G�X�U�L�Q�J���R�S�H�U�D�W�L�R�Q���L�I���� 

�x �7�K�H���S�U�R�M�H�F�W���F�D�X�V�H�V���W�K�H���D�P�E�L�H�Q�W���Q�R�L�V�H���O�H�Y�H�O���P�H�D�V�X�U�H�G���D�W���W�K�H���S�U�R�S�H�U�W�\���O�L�Q�H���R�I���D�I�I�H�F�W�H�G���X�V�H�V��
�W�R���L�Q�F�U�H�D�V�H���E�\�������G�%�$���L�Q���&�1�(�/�����W�R���R�U���Z�L�W�K�L�Q���W�K�H���³�Q�R�U�P�D�O�O�\���X�Q�D�F�F�H�S�W�D�E�O�H�´���R�U���³�F�O�H�D�U�O�\��
�X�Q�D�F�F�H�S�W�D�E�O�H�´���F�D�W�H�J�R�U�\�����R�U���D�Q�\�������G�%�$���&�1�(�/���R�U���J�U�H�D�W�H�U���Q�R�L�V�H���L�Q�F�U�H�D�V�H�����V�H�H���7�D�E�O�H�����������&�L�W�\��
�R�I���/�R�V���$�Q�J�H�O�H�V���*�X�L�G�H�O�L�Q�H�V���I�R�U���1�R�L�V�H���&�R�P�S�D�W�L�E�O�H���/�D�Q�G���8�V�H�7�D�E�O�H������������ 

�)�U�R�P���W�K�H���/�$�0�&�����D���V�L�J�Q�L�I�L�F�D�Q�W���Q�R�L�V�H���L�P�S�D�F�W���Z�R�X�O�G���H�[�L�V�W���L�I�� 

�x �7�K�H���S�U�R�M�H�F�W���1�R�L�V�H���O�H�Y�H�O���Z�R�X�O�G���U�H�V�X�O�W���L�Q���D���V�L�J�Q�L�I�L�F�D�Q�W���Q�R�L�V�H���L�P�S�D�F�W���Z�L�W�K���D�Q���L�Q�F�U�H�D�V�H���L�Q��
�/�H�T���G�D�\�����R�U���/�H�T���Q�L�J�K�W�����O�H�Y�H�O�V���R�Y�H�U�������G�%�$���R�Y�H�U���H�[�L�V�W�L�Q�J���D�P�E�L�H�Q�W���Q�R�L�V�H���O�H�Y�H�O�V���� 

�%�D�V�H�G���R�Q���W�K�H���J�X�L�G�D�Q�F�H���S�U�R�Y�L�G�H�G���D�E�R�Y�H�����W�K�H���D�S�S�O�L�F�D�E�O�H���R�S�H�U�D�W�L�R�Q���U�H�O�D�W�H�G���Q�R�L�V�H���W�K�U�H�V�K�R�O�G�V���I�R�U���W�K�H��
�3�U�R�M�H�F�W���D�U�H�� 

�x �1�R�L�V�H���������$���S�U�R�M�H�F�W���Z�R�X�O�G���Q�R�U�P�D�O�O�\���K�D�Y�H���D���V�L�J�Q�L�I�L�F�D�Q�W���L�P�S�D�F�W���G�X�U�L�Q�J���R�S�H�U�D�W�L�R�Q���L�I���W�K�H���S�U�R�M�H�F�W��
�F�D�X�V�H�V���W�K�H���D�P�E�L�H�Q�W���Q�R�L�V�H���O�H�Y�H�O���P�H�D�V�X�U�H�G���D�W���W�K�H���S�U�R�S�H�U�W�\���O�L�Q�H���R�I���D�I�I�H�F�W�H�G���X�V�H�V���W�R���L�Q�F�U�H�D�V�H��
�E�\�������G�%�$���L�Q���&�1�(�/�����W�R���R�U���Z�L�W�K�L�Q���W�K�H���³�Q�R�U�P�D�O�O�\���X�Q�D�F�F�H�S�W�D�E�O�H�´���R�U���³�F�O�H�D�U�O�\���X�Q�D�F�F�H�S�W�D�E�O�H�´��
�F�D�W�H�J�R�U�\�����R�U���D�Q�\�������G�%�$���&�1�(�/���R�U���J�U�H�D�W�H�U���Q�R�L�V�H���L�Q�F�U�H�D�V�H�����&�L�W�\�����/���$�����&�(�4�$���7�K�U�H�V�K�R�O�G�V��
�*�X�L�G�H���� 

�x �1�R�L�V�H���������$���V�L�J�Q�L�I�L�F�D�Q�W���Q�R�L�V�H���L�P�S�D�F�W���Z�R�X�O�G���H�[�L�V�W���L�I���W�K�H���S�U�R�M�H�F�W���1�R�L�V�H���O�H�Y�H�O���Z�R�X�O�G���U�H�V�X�O�W���L�Q���D�Q��
�L�Q�F�U�H�D�V�H���L�Q���/�H�T���G�D�\�����R�U���/�H�T���Q�L�J�K�W�����O�H�Y�H�O�V���R�I�������G�%�$���R�Y�H�U���H�[�L�V�W�L�Q�J���D�P�E�L�H�Q�W���Q�R�L�V�H���O�H�Y�H�O�V�����&�L�W�\����
�/�$�0�&���� 

�x �1�R�L�V�H���������$���V�L�J�Q�L�I�L�F�D�Q�W���Q�R�L�V�H���L�P�S�D�F�W���Z�R�X�O�G���H�[�L�V�W���L�I���W�K�H���S�U�R�M�H�F�W���Q�R�L�V�H���O�H�Y�H�O���Z�R�X�O�G���U�H�V�X�O�W���L�Q���D��
�³�V�H�Y�H�U�H���L�P�S�D�F�W�´���D�W���O�H�Y�H�O�V���U�D�Q�J�L�Q�J���I�U�R�P���������W�R���������G�%�$���G�H�S�H�Q�G�L�Q�J���R�Q���H�[�L�V�W�L�Q�J���Q�R�L�V�H�����L�Q��
�D�F�F�R�U�G�D�Q�F�H���Z�L�W�K���)�L�J�X�U�H�����������L�Q���6�H�F�W�L�R�Q���������������D�E�R�Y�H�����0�H�W�U�R�����)�7�$���� 
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6. �1�R�L�V�H���D�Q�G���9�L�E�U�D�W�L�R�Q���,�P�S�D�F�W�V 

6.1 �1�R�L�V�H 
�7�K�L�V���V�H�F�W�L�R�Q���G�L�V�F�X�V�V�H�V���S�U�H�G�L�F�W�H�G���Q�R�L�V�H���O�H�Y�H�O�V���D�Q�G���U�H�V�X�O�W�L�Q�J���Q�R�L�V�H���L�P�S�D�F�W�V���I�R�U���E�R�W�K���F�R�Q�V�W�U�X�F�W�L�R�Q��
�D�Q�G���R�S�H�U�D�W�L�R�Q���R�I���W�K�H���3�U�R�M�H�F�W�� 

6.1.1 �1�R�L�V�H���6�H�Q�V�L�W�L�Y�H���5�H�F�H�S�W�R�U�V�� 

�7�K�H���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���U�H�F�H�S�W�R�U�V�����1�6�5�V�����H�Y�D�O�X�D�W�H�G���L�Q���W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���D�Q�G���R�S�H�U�D�W�L�R�Q�D�O���Q�R�L�V�H��
�D�Q�D�O�\�V�L�V���D�U�H���O�L�V�W�H�G���L�Q���7�D�E�O�H�������������L�Q�F�O�X�G�L�Q�J���H�[�L�V�W�L�Q�J���Q�R�L�V�H���O�H�Y�H�O���L�Q�I�R�U�P�D�W�L�R�Q�����D�Q�G���D�U�H���V�K�R�Z�Q���L�Q��
�)�L�J�X�U�H�����������I�R�U���W�K�H���S�U�R�S�R�V�H�G���3�U�R�M�H�F�W�����$�V���P�H�Q�W�L�R�Q�H�G���S�U�H�Y�L�R�X�V�O�\�����W�K�H���1�6�5�V���U�H�S�U�H�V�H�Q�W���H�[�L�V�W�L�Q�J���Q�R�L�V�H��
�F�R�Q�G�L�W�L�R�Q�V���L�Q���D���Y�D�U�L�H�W�\���R�I���O�R�F�D�W�L�R�Q�V���W�K�U�R�X�J�K�R�X�W���W�K�H���3�U�R�M�H�F�W���D�U�H�D�����I�R�F�X�V�L�Q�J���R�Q���D�U�H�D�V���R�I���H�[�L�V�W�L�Q�J���R�U��
�I�X�W�X�U�H���Q�R�L�V�H���V�H�Q�V�L�W�L�Y�H���U�H�F�H�S�W�R�U�V�����L�Q�F�O�X�G�L�Q�J���V�L�Q�J�O�H���I�D�P�L�O�\���U�H�V�L�G�H�Q�W�L�D�O�����6�)�5�����D�U�H�D�V�����P�X�O�W�L���I�D�P�L�O�\��
�U�H�V�L�G�H�Q�W�L�D�O�����0�)�5�����D�U�H�D�V�����S�D�U�N�V�����V�F�K�R�R�O�V�����D�Q�G���R�W�K�H�U���R�X�W�G�R�R�U���D�U�H�D�V���R�I���I�U�H�T�X�H�Q�W���K�X�P�D�Q���X�V�H�����)�R�U���W�K�L�V��
�3�U�R�M�H�F�W�����W�R���H�Q�V�X�U�H���W�K�D�W���W�K�H���D�Q�D�O�\�V�L�V���L�V���F�R�Q�V�H�U�Y�D�W�L�Y�H�����H�[�W�H�U�L�R�U���I�D�F�D�G�H�V���Z�L�W�K���R�S�H�U�D�E�O�H���Z�L�Q�G�R�Z�V���Z�H�U�H��
�D�O�V�R���F�R�Q�V�L�G�H�U�H�G���I�R�U���Q�R�L�V�H���L�P�S�D�F�W�V���D�W���U�H�V�L�G�H�Q�W�L�D�O���X�Q�L�W�V���D�Q�G���V�F�K�R�R�O���E�X�L�O�G�L�Q�J�V�����7�K�H���Q�R�L�V�H��
�P�H�D�V�X�U�H�P�H�Q�W�V���Z�H�U�H���F�R�Q�G�X�F�W�H�G���D�W���W�K�H���V�L�W�H�V���R�I���L�P�S�D�F�W���V�H�Q�V�L�W�L�Y�H���U�H�F�H�S�W�R�U�V���D�O�R�Q�J���W�K�H���S�U�R�S�R�V�H�G��
�3�U�R�M�H�F�W���D�O�L�J�Q�P�H�Q�W�����I�U�R�P���/�$�8�6���W�R���'�R�G�J�H�U���6�W�D�G�L�X�P���� 

�7�D�E�O�H�����������1�R�L�V�H���5�H�F�H�S�W�R�U�V���D�Q�G���(�[�L�V�W�L�Q�J���1�R�L�V�H���/�H�Y�H�O�V���6�X�P�P�D�U�\�����G�%�$�� 

NSR Name Land Use 1 ML2 
�/ �H�T���G�D�\�� Leq(night)  Ldn CNEL 
7:00-
22:00 

22:00-
7:00 

24-hr 24-hr 

NSR 1 A 
Los Angeles Union 
Station 

Transit 
Terminal ML-01 61.1 57.7 64.8 65.1 

NSR 1 B First 5 LA 
Daycare 
Center ML-01 61.1 57.7 64.8 65.1 

NSR 2 El Pueblo Public Park ML-02 69.0 65.5 72.6 72.9 

NSR 3 Mozaic Apartments MFR ML-03 68.4 65.5 72.5 72.7 

NSR 4 The California 
Endowment 

Office 
Building 

ML-04 63.6 60.7 67.7 68.0 

NSR 5 
Future Residential 
Development Future MFR3 ML-05 65.6 64.9 71.5 71.6 

NSR 6 Chinatown Senior Lofts MFR ML-06 69.0 64.1 71.6 72.0 

NSR 7 Homeboy Industries 
Office 
Building ML-08 69.8 65.1 72.6 72.9 

NSR 8 Future Residential 
Development 

Future MFR3 ML-11 64.7 64.4 70.8 71.0 

NSR 9 Blossom Plaza MFR ML-10 61.1 56.5 63.9 64.3 

NSR 10 
Future Residential 
Development Future MFR3 ML-10 61.1 56.5 63.9 64.3 

NSR 11 Capitol Milling Commercial ML-12 63.0 59.5 66.6 66.9 

NSR 12 
Residential 
Development MFR ML-11 64.7 64.4 70.8 71.0 

NSR 13 N Future Residential 
Development - North 

Future MFR3 ML-18 65.8 60.9 68.5 69.0 

NSR 13 S 
Future Residential 
Development - South Future MFR3 ML-15 67.7 63.6 70.9 71.2 

NSR 14 N 
Los Angeles State 
Historic Park �± North Public Park ML-17 53.6 48.7 56.3 56.7 

NSR 14 S Los Angeles State 
Historic Park �± South 

Public Park ML-14 58.7 55.2 62.3 62.6 

NSR 15 St Peter's Church Church ML-18 65.8 60.9 68.5 69.0 

NSR 16 Cathedral High School School ML-19 58.7 53.8 61.3 61.8 
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NSR Name Land Use 1 ML2 
�/ �H�T���G�D�\�� Leq(night)  Ldn CNEL 
7:00-
22:00 

22:00-
7:00 24-hr 24-hr 

NSR 17 N 
Low-Rise Residential - 
North (on Savoy Street) SFR ML-20 56.1 51.2 58.9 59.3 

NSR 17 S Low-Rise Residential - 
South (on Savoy Street) 

SFR ML-20 56.1 51.2 58.9 59.3 

NSR 18 Solano Canyon 
Neighborhood 

SFR ML-21 56.5 51.6 59.1 59.6 

NSR 194 
Elysian Park Recreation 
Center Public Park ML-22 57.2 -- -- -- 

Notes: 
1 SFR = Single Family Residential, MFR = Multi-Family Residential, ML= Measurement Location. 
2 Not all noise measurement locations represented NSRs, some of these were alternate locations for potential future NSRs. 
3 NSR 5 is currently an undeveloped City-owned parking lot and is proposed for future multi-family residential uses. NSR 8 is a vacant 

�O�R�W���D�W���1�����6�S�U�L�Q�J���6�W�����D�Q�G���:�����&�R�O�O�H�J�H���6�W�����W�K�D�W�¶�V���S�U�R�S�R�V�H�G���I�R�U���&�R�O�O�H�J�H���6�W�D�W�L�R�Q�����D���P�L�[�H�G-use transit-oriented development that would include 

up to 770 residential units. NSR 10 is a proposed mixed-use project at 924 N. Broadway that would include 178 residential units. NSR 

13N and 13S are two phases of the proposed Buena Vista mixed-use development at 1251 North Spring Street and 1030-1080 N. 

Broadway that would include up to 986 residential units. 

4 NSR 19/ML-22, is a daytime use only location (public park picnic area) that is not near Project operations but will have a laydown yard 
nearby during the Project construction phases, so only representative daytime noise measurements were collected at that location. 
Only construction impacts were modeled for this location. 

6.1.2 �&�R�Q�V�W�U�X�F�W�L�R�Q���1�R�L�V�H���,�P�S�D�F�W�V 

�7�K�L�V���V�H�F�W�L�R�Q���R�I���W�K�H���U�H�S�R�U�W���G�L�V�F�X�V�V�H�V���S�U�H�G�L�F�W�H�G���Q�R�L�V�H���O�H�Y�H�O�V���D�Q�G���S�R�W�H�Q�W�L�D�O���L�P�S�D�F�W�V���D�V�V�R�F�L�D�W�H�G���Z�L�W�K��
�W�K�H���F�R�Q�V�W�U�X�F�W�L�R�Q���R�I���W�K�H���3�U�R�M�H�F�W�� 

�2�Q���6�L�W�H���&�R�Q�V�W�U�X�F�W�L�R�Q���1�R�L�V�H 

�6�L�J�Q�L�I�L�F�D�Q�W���D�Q�G���8�Q�D�Y�R�L�G�D�E�O�H�����1�R�L�V�H���L�P�S�D�F�W�V���I�U�R�P���3�U�R�M�H�F�W���F�R�Q�V�W�U�X�F�W�L�R�Q���D�F�W�L�Y�L�W�L�H�V���Z�R�X�O�G���E�H���D��
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